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The Varian VA-853 CW amplifier klystron features 

an extremely flexible power range at 755 to 985 Mc — 
from 75 kW to as low as 10 kW. Provides new 
possibilities in the development of troposcatter systems. 
Designed to meet USAF specifications for 

forward scatter tubes. 

One power amplifier serves the entire output range. 
Power can be varied easily by adjustment of the beam 
voltage. Drives from a 5 W exciter. High gain — 50 db — 
is provided by five internal cavities. Compactly 
designed, with input and output couplings preset for 
flat rf lines. Just tune to desired frequency; no 

other physical adjustments are necessary. 

Noncritical electromagnet provides a self-centering 
mount; the tube can be removed as a unit, inserted 
directly — no need for roll-out dollies. 
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It’s very probable Varian power tubes 
can aid in your design problem. 
For technical information, write Tube Division. 
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Medel TMi-ib, 350 cps to 85 kc: 
for rapid monitoring of all or any 
part of subcarrier spectrum, checks 
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large separate section. 











*Indicates article which discusses theory, application, test or development of Semiconductor Devices. 





2NI015 
2NIOISA 
2NIOISB 
2NI016 
2NIOI6GA 
2NI016B 


2N1212 
2N1208 
2NI616 
2NI1617 
2NI618 


2NI616A 
2NI617A 
2NI6I18A 
2N1724 


150 Watt 


WESCON Booth 1224 


SILICON TRANSISTOR CORP. ADDS 2 NEW SERIES. 
THE COMPLETE LINE OF HIGH POWER SILICON TRANSISTORS 


The series. 


2N1015_ 2N1016 


2NIO15A 2N1I016A 
2N1015B 2N1016B 


are 150 watt single-end stud types. 
With collector-emitter voltages of 
100 volts. Saturation resistance of 
0.5 ohms. Minimum beta of 10 at 
5 amps. 

The series 


2N1212 
2N1208 


2N1616 
2N1617 


2N1618 


are double-ended 11/16" 85 watt 
hex stud types. 


2 


And... 2N1616A 
2N1617A 
2N1618A 


are the most popular series in this 
package, with dramatic improve- 
ments from STC. 


2N1724 


cid gh Sik ARS eo 
ss wen 


BVCEO of 80 volts. Saturation resistance of 0.5 ohms. 
Minimum beta of 10 at 5 amps. 

Both STC series have the lowest leakage currents in the 
industry... high temperature stability...low thermal re- 
sistance and reliability at full power ratings. Write for 
Catalog listing complete line of STC’s high and inter- 
mediate power silicon transistors and silicon diodes. 


SILICON TRANSISTOR CORP. 


CARLE PLACE, LONG ISLAND, NEW YORK Ploneer 2-4100 
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TWO TRANSISTOR ANALOGY 





PNPN Device 


Reve of any circuit design can, in gen- 
eral, be increased by: (1) Simplifying the cir- 
cuit, and (2) using components which inherently are 
more reliable. 

Semiconductor technology has given the designer a 
variety of components which make possible new orders 
of circuit simplicity. Unfortunately, the more sophisti- 
cated the component, the more difficult it is to make, 
and over all reliability gained through circuit simplifi- 
cation is lost because the components have become 
less reliable. 

For the designer who can simplify his circuit with a 
solid state switch, this dilemma has been removed by 
the new Tung-Sol Dynaquad device—a base con- 
trolled four-layer switching device made by exactly 
the same number of manufacturing steps and controls 
as a conventional transistor—and therefore having the 
same reliability and price range as a conventional 
transister. 

The Dynaquad is a germanium, three-terminal, 
PNPN structure packaged in a standard TO-5 case 


| (Fig. 1). Basically a two-position switch with capaci- 


ties and speeds normally associated with digital com- 
puters, it switches in the megacycle range, with rise 
times in the order of 0.1 usec and is capable of provid- 
ing an output voltage swing of 35 volts. 

In its normal operation, the Dynaquad is turned on 


| by applying a small negative pulse to the base, and it 


remains on after the signal is removed. Turn-off is 
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FIG. |. DYNAQUAD 


base-controlled four 
layer switching device. 


FIG. 2. DYNAQUAD 
Flip-Flop circuit com- [ 
pared with convention- 

al transistor flipflop on 
right. 


DYNAQUAD FLIP-FLOP 








CONVENTIONAL FLIP-FLOP 


Simplifies Digital Circuitry 


accomplished by applying a positive pulse to the base, 
or by momentarily dropping the collector current be- 
low the sustaining point. 


Theory of Operation 

The Dynaquad is the circuit equivalent of two com- 
plementary transistors—an NPN and a PNP—as 
shown in Fig. 1. The first stable state of the Dynaquad 
is the OFF condition where the current flow is limited 
to leakage currents. If now a small base current (I; ) is 
applied at B in the direction required to turn Tl ON, 
then its collector will have a current B, Ip; due to the 
gain B, of transistor Tl. This current B, Ig; becomes 
the drive current for transistor T2, which produces a 
collector current in T2 of Bz B, Ig;. This now becomes 
the injected current into the base of transistor T1. 

When the product B, B. becomes greater than unity, 
the system becomes self-regenerative and the collector 
current of T2 increases to a value limited only by the 
circuit impedances. The Dynaquad is now in its sec- 
ond stable state, that of saturation. 

In order to return the device to its OFF state the 
regenerated current can be interrupted by either re- 
ducing the collector supply current below the sustain- 
ing value or by momentarily injecting a reverse cur- 
rent (positive) into the base B, sufficient to stop the 
regenerated current. 

As stated earlier, the Dynaquad manufacturing 
technique is unique in the design of multilayer de- 
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vices. Conventionally, the four layers are formed by 
multiple diffusion and a critically controlled etch. 
Although this process may be varied, in all cases the 
junction formation or the final fabrication requires 
systems and controls that are considerably more com- 
plex than those required for the alloyed junction tran- 
sistor. The result is a more costly component that is 
also more susceptible to defects. 

With the Dynaquad, Tung-Sol Electric Inc., New- 
ark, N. J. has developed a technique for forming mulkti- 
ple junctions with the same simplicity and reproduci- 
bility as single alloy junctions. 


Simplified Flip-Flop Circuit 


The simplified flip-flop (Fig. 2-a) using a Dyna- 
quad is compared with the conventional transistor 
circuit (Fig. 2-b). Here a single Dynaquad replaces 
seven components in the conventional transistor flip- 
flop circuit. When a negative pulse of 0.3 ma max. 
is applied at IN the unit turns on, raising the output 
voltage from —12 v to 0 v. A positive pulse of 2.5 ma 
(min.) applied to the base turns the unit off chang- 
ing the output from zero volts back to —12 v. A sus- 
taining collector current of 5 ma (max) is sufficient to 
hold the Dynaquad in the ON state, while normal 
collector current at 25°C is 20 ma for the 2N1968. 
Other Dynaquad types are the 2N1966 (I, 
and the 2N1967 (I, 100 ma). 
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CUSTOM-BUILT AS A LIMOUSINE: Each ALPA Camera is liter- 
ally made to your order, with aii the skill and experience 
of Swiss Master Craftsmen. 


CONVENIENT AS A FAMILY CAR: Fingertip controls, built-in 
—— exposure meter and large 


= . brilliant groundgiass image 
©) © —for practically automatic 
sehen tte Rey oe 
focusing and depth-of-fie 

‘oi 

VERSATILE AS A JEEP: Comb eet mel 
10 Automatic Diaphragm lenses from 24mm to 180mm 
(other lenses up to 5000mm) PLUS a continuous focusing 
range from infinity down to ultra close-ups and photo- 


control. 
om 2 
a _ a micrography, without gap. 
ae pe osu: 


a w 
COLORFUL AS A CONVERTIBLE: 
oor OO 


5 APOCHROMATS—Switar and Macro-Switar 50mm 

£/1.8, Kinoptik 75mm f/2, 100mm f/2 and 150mm 
FAST AS A RACING CAR: 1:1 LIFESIZE image, straight 0° 
viewing, split-image rangefinder, lightning reflex mir- 


f/2.8—offer exclusive correction of ali 3 primary 
colors. 
ror, hair-trigger release, quick-change lenses w/Auto- 
matic Diaphragms, en lever and high-speed 
rewind crank with parallelogram. - ‘ 
Oe, ee , se i) | 
Oo —~O 
SHARP AS A SPORTSCAR: \\ } 


Each ALPA lens is individ- ee SS 
ually film-tested for critical sharpness, »—— aida 
perfect tonal contrast and brilliant overall illumination. =F 


J 
=e 
ez ) STURDY AS A TRUCK: Rugged Swiss 
I precision mechanism withstands extreme wear, temperatures 
ee and shock, limiting repairs to an absolute minimum. 
COMPACT AS A SMALL-SIZE CAR: Lightweight (14 Ibs.) and compact (5%4” x 
3%” x 2”), ALPA combines all the features of the THREE most advanced 
camera types — Single-lens Reflex, Twin-lens Reflex and Rangefinder — in 
ONE camera... 


THE NEW ALPA Oc 
ALL-IN-ONE 35mm CAMERA 


@ ‘karl heitz 


480 LEXINGTON AVE., NEW YORK 17 © YUkon 6-4920 


Please write for free il'us. brochure MSA-7 or see your franchised ALPA dealer 
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COLOR 


Colored digits or 
words and/or 
OO QaANTiTy prices color background 
$33 ON REQUEST available 
| Write today for complete specifications 
| Representatives in principal cities 
b ‘ 


Over 1000 firms throughout the 
world in just a few years prove 
unprecedented acceptance of IEE 
digital readouts. 


InpusTRIAL ELECTRONIC ENGINEERS, inc. 


5528 VINELAND AVENUE 
NORTH HOLLYWOOD, CALIFORNIA 
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Klectronic Circuitry 


A continuing MILITARY SYSTEMS DESIGN feature, these circuits are selected 
because they represent good design. Significant characteristics which are not 
self-evident from the diagram are explained in the printed commentary. 


22k {250 - 
el 


Sv 








HIGH TEMPERATURE CONTROL 


Furnace-element temperature in a small mass spec- 
troscopy evaporation chamber is controlled by use of 
the circuit shown. Using the principle that the 
resistance of the furnace heating element, Ry, at a par- 
ticular temperature will be constant, its temperature 
is balanced against a large variable reference resistor 
(R,) having a low temperature coefficient. 

A signal proportional to the inbalance between the 
two resistances Ry and R,, with Ry normally being the 
smaller, is received by the secondary of the detecting 
transformer Tl, which is amplified in a conventional 
3-stage resistance coupled amplifier using 6SN7 tri- 
odes. The fourth stage (V2-b) cathode follower, is un- 
conventional in that its ac plate supply establishes a 
suitable phase relationship to the signal. This phase 
relationship permits the signal to pass this stage only 
when the resistance of R, is less than that of R,. 

Only signals to the grid of V2-b during the positive 


BIOLOGICAL STIMULUS ISOLATOR 


In biological experiments the use of electrical stim- 
ulating pulses isolated from ground is often essential. 
Because electrostatically screened transformers suffer 
from poor pulse duration and overshoot, a pulse 
generator which is itself isolated from ground is often 
used to provide the isolated stimulus. The circuit pro- 
vides such an arrangement. 

The circuit is composed of a bistable saturating 


FURNACE 














Temperature 
Control 











FI 





half-cycle of plate potential are effective. If the in- 
coming signal alternation is positive during that period, 
de output voltage is higher than during null signal 
condition. If negative, the de output will be lower than 
during null condition. 

The output of the cathode follower stage (V2-b) is 
filtered de applied to the grid of the 6V6 power tube 
through a biasing battery-potentiometer arrangement 
which permits accurate adjustment of the plate current 
null for zero-signal input. When the potential of the 
V2-b output exceeds that of the battery bias, the plate 
current of the 6V6 is increased. The plate current in 
turn controls the saturable reactor T2, with increased 
plate current decreasing the impedance of the heating 
power circuit. Although the automatic compensation 
multivibrator using 2N398 pnp germanium transistors 
powered from a 90 v rechargeable cadmium battery. 
The multivibrator is triggered by a pulse of approxi- 
mately 5 v through a ferrite pot-core transformer 
(T-1), electrostatically screened to isolate primary 
and secondary windings. Switch contact S1A is ar- 
ranged to make before S1B to ensure that Q2 will 
saturate when the instrument is turned on. The lead- 
ing edge of the trigger pulse then turns the stimulus 
isolation unit (S.I.U.) on, and the trailing edge turns 
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2N398 
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STIMULUS 
Generator is 
isolated 

from ground 














of temperature deviation is good, manual control 
through the Variac—with the operator watching the 
null point of the plate meter—provides an additional 
control if needed. 

Heater voltage: 0-24 v, 60 cps. 

Heater current: 0-340 ma, rms 60 cps. 

R, resistance range: 19-70.6 ohms for temperature 
range. 

Temperature range: 25°C 

Line voltage: 115v 60 cps. 

Source: Mr. Soon Bok Hong, Scientific Research 
Institute, Ministry of National Defense, School, Korea, 
also Review of Scientific Instruments, November 1960, 
article by Messrs. Shin, Hahm, Kwon, Jo and Hong. 





it off. Saturation current flowing through zener diode 
ZI supplies the multivibrator bias. 


At the instant the switch S1A contact closes Q1 is 
reverse biased, with its base 4.3 volts more positive 
than its emitter causing it to cut off, which applies a 
strong negative potential to the base of Q2, while its 
emitter is held at —4.3 v. This bias causes it to start 
conducting immediately. A moment later contact S1B 
closes, applying a more positive potential to the base 
of Q2 and establishing the voltage divider chain R2, 
R4 and R7. Q2 saturates at a safe current value due 
to the large voltage drop in R8 and R9 and to the 
high resistance of R4 which becomes effective as soon 
as the 200 pf capacitor (C1) across it is charged. 

The collector of Q2 is directly coupled to the emit- 
ter-follower Q3. Output is taken between the emitter 
of Q3 and Z2, a zener diode with an average voltage 
of 4.7 v. This diode is selected so that Q3 is cut off 
when Q2 is on, thus limiting battery drain. 


The output amplitude can be varied over two 
ranges by precision potentiometers R10 and R11, with 
zener Z3 (7.5 v) across the low range potentiometer 
to ensure that the low voltage range is independent 
of battery aging. Z3 also provides a low source im- 
pedance at low output voltages. The 1/16 amp fuse 
will open on output amplitudes above 50v if the out- 
put is short circuited. Shorts across the output at 
lower ranges will not affect the instrument. Lamp NE2 
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provides visual monitoring for pulses longer than a | 

few msec. 

Output voltage: 0 to 80 v peak. 

Output pulse; Rise time < 5 psec. 

Output pulse duration: Equivalent to triggering pulse, 

from < 10 psec min. to de max. 

Residual output potential between pulses is less than . 
.01% output pulse voltage by component selection. 

Cupidnans ais lenaes ha lirscer4 to ground approx NE WA DIMENSIONS A MEA SUR ALG) RF/ 
20 pf. 

Transistors: Q1-Q2, 2N398; Q3, 2N1041. 

Battery: 90 v; Current with S. I. U. on but not pulsed, 

7.6 ma. Current drain during pulse, 15 ma. 

Construction of the shielded input transformer T1 is 

described in detail in the source article. 


Source: Mr. H. Fein, Department of Physiology, Uni- with’ the S | 3 [) py im 


versity of Utah, Salt Lake, Utah; also The Review of 


Scientific Instruments, October 1960. NJ yy | on 6 P4 ya\ 


MEDIUM HI-SPEED LINE DRIVER 


Medium-power (under 1 watt) medium high speed 
switching is required in such computer functions as 
line drivers, memory-core drivers, power gates and 
pulse amplifiers. In all these circuits the switched 
current is in the general vicinity of 250 ma. Tran- 


iirc (om com L@mele 
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FIG. MADT 2 N1204 drives six 2 N105 transistors over 


coaxial cable. 


sistors for these applications must have desirable 
qualities at high collector currents; for example, 
hye, Veat: Vre and Tag (rise time constant) must show 
no abnormalities at high collector currents. Of these, 
Vat is perhaps the most important because the power 
dissipation in a saturated circuit is Pg = I, x Vest 
= (I,) *Reat- 

Circuit Fig. 00 shows a Phileo 2N1204 MADT 
driving six 2N501 inverters. Input to the 2N1204 is 
a negative 12-volt pulse. The 2N1204 is normally 
OFF with the 2N501 transistors all held in the sat- 
urated state. When the input pulse turns ON the 
2N1204, its output, delayed by passing through 50 
feet of RG-62A/U cable, turns OFF the six 2N501 
inverters for a pulse duration determined by the 
delay line. The ratio of the switched collector cur- 
rent to the ON base current is equal in this case 


to the ratio of switched base current to the OFF ; 
base current, both being 5. See this new and revolutionary instrument at the STO D D A RT 


a om oT Wescon Show Booth 205. We invite your immediate 
Source: Application Laboratory Report 691 ran- request for complete details and specifications, AIRCRAFT RADIO CO., INC. 
sistor Guide for Switching Circuit Designers,” Philco 6644 SANTA MONICA BLVD. 


: , HOLLYWOOD 38, CALIFORNIA 
Corporation, Lansdale Div., Lansdale, Pa. HOllywood 4.9292 


Continued on page 6 serving 33 countries in Radio Interference control 
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Outposts in Inner Space... 


The vital experience which SIMPLEX Wire & Cable 
Company applies to modern coastal defense problems 
was gained over many years. SIMPLEX achievements 

range from the longest submarine cable in the U. S. in 1899, to participa- 

tion in the first transoceanic telephone cable, completed in 1956. m SIM- 

PLEX combines its skill in specialty product development with advanced 
systems coordination and laying techniques in providing TURNKEY capa- 
bilities for ASW installations. SIMPLEX power and communications sys- 
tems are serving in all types of underwater environments. @ SIMPLEX oper- 
ates the only plant in the United States built to manufacture submarine cable 
exclusively, and can design, develop, and produce single-length cable 1,000 feet 
to 1,000 miles or more. Assistance on specific problems furnished on request. 


cs i plex 


WIRE & CABLE CO. 


Cambridge, Mass. * Portsmouth, N. H. 


SIMPLEX TURNKE 


CAPABILITIE 
SOLVE ASW 


PROBLEMS 
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THERMISTOR THERMOMETER-ALARM 


A convenient thermistor alarm circuit that may 
be used in testing the operation of laboratory elec- 
tric ovens, heating appliances or as a household 
kitchen aid to signal when the roast is done, is 
given in Fig. 1. The thermistor R, has a resistance 
of 10,000 ohms at a temperature of 25°C (76°F) 
and has a negative temperature-resistance coefficient. 
The potential of the base of Q1 therefore tends to 
rise as the temperature of the thermistor increases 
and its resistance falls. At a critical temperature, 
determined by the setting of potentiometer R1 (also 
the settings of calibration pots R5 and R7), QI 
conducts, which drives the base of Q2 more nega- 
tive than its emitter and into conduction. 

When Q2 conducts its collector becomes more posi- 
tive, biasing diode D1 in the forward direction which 
causes Vl to conduct more heavily, so that both 
transistors are driven into saturation. The buzzer 
will sound and continue to operate until the supply 
voltage is turned off. For this reason, the alarm must 
always operate above ambient temperatures; that 
is, the circuit cannot be used to signal when a limit- 
ing temperature below ambient is reached. 

Rl is a linear taper potentiometer, and the resis- 
tance values in the calibration circuit have been 
selected to provide a range over 140°F to 190°F. 
The thermistor, R;, is a Veco type 41R1 unit, which 
may be solder-sealed using flexible—Teflon-insulated 
leads—in a small probe made of brass tubing (Fig. 
2). Construction details for use as an electronic roast 
alarm are given in the source article. 

To calibrate, immerse the probe in water heated 
to 140°F. Wait 3 minutes then rotate the Rl dial 
clockwise, adjusting R5 so that the alarm sounds 
just when RI reaches the 140 mark at the lefthand 


*T. M. Victory Engineering Corp., Union, N. J. 


REVERSE RECOVERY TIME TEST CIRCUIT 


A semiconductor diode does not exhibit its steady- 
state reverse resistance immediately when the bias 
conditions are suddenly changed from forward to re- 
verse. The time required (Approx. 10~—® sec to 10~° 
sec) for the resistance to recover to some predeter- 
mined value, called the reverse time, is an important 
specification in many applications of diodes. 

The following circuit, a modification of the socalled 
IBM “Y” circuit, is recommended as a standard cir- 
cuit for measurement of recovery times of 0.3 psec 
and longer. A new standard is being prepared for 
measurement of faster recovery times. In use, the for- 
ward current level in the diode to be tested (D1) is 
established by the forward voltage supply Bl and the 
variable resistor Rl. The impedance of the current 
supply is bypassed to ground by capacitor Cl. The 
6BC7 triple diode shunts the precision load resistor 
R5 during the period of forward current flow. Re- 
sistors R3 and R4 and battery B2 provide compensat- 
ing bias for the contact potential of the 6BC7. 

When a negative square wave is applied at the input 
jack, a reverse voltage is impressed on the series loop 
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FIG. 2. ROAST PROBE construction. 


end of the scale. If the buzzer does not sound, adjust 
R7 until it does. Repeat the process, with the probe 
in 190° water, adjusting R5 and R7 so that the 
alarm sounds when the dial is rotated clockwise 
to the 190° temperature mark. Since the R5 and R7 
potentiometers interact, it may be necessary to re 
peat the process several times before the exact ad- 
justment of both potentiometers is determined. In- 
termediate points on the Rl dial may be marked at 
the temperature for which it has been calibrated. 
All resistors are 1/4, watt commercial grade, the buzz- 
er is Johnson Model 114-400. The DPST switch is 
ganged to Rl. All other values are shown on the 
diagram. 

Source: “Electronic Roast Alarm” by Daniel P. 
Peters, 171 Reservoir Dr., Boonton, N. J., Electronics 
W orld June, 1960. 


comprised of D1] and resistor R5. The 6BC7 is cut off 
by the negative plate-to-cathode voltage and the for- 
ward current supply is bypassed by Cl. The reverse 











current is measured by observing the voltage across 
R5 during the period of reverse voltage. To decrease 
capacitive loading on R5, this voltage is coupled to 
the grid of the cathode follower V2, which has its 
output fed to a Tektronix 514AD or DuMont 329 
oscilloscope or its equivalent. 

(Calibration and measurement instructions are con- 
tained in EIA Std. No. RS-231 and NEMA Pub. No. 
SK500-1959, Reverse Recovery Time Measurement on 
Semiconductor Diodes, from Eng. Dept., Electronic 
Industries Association, 11 West 42nd St., New York 
36, N. Y. or National Electrical Manufacturers Asso- 
ciation, 155 East 44th St., New York 17, N. Y., Price 
$1.00) Continued on page 8 
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Why a a 
are specifying Capacitors 


for CK Capacitor requirements... 


PROOF 


OF PERFORMANCE 


The “proof of performance” for all CK Capacitors (“VK” 
Capacitors purchased against MIL-C-11015/18 or /19) is 
enclosed with your order! Automatically and voluntarily, 
“Vitramon” supplies copies of Acceptance Testing Data — 
with every shipment. 

And test results are impressive! Where absolute conform- 
ance to military specifications is essential, CK Capacitors 
adhere closely to requirements. In critical areas where spec- 
ifications may be surpassed, CK Capacitors offer reliability 
“above and beyond.” Here’s how they measure up: 


DISSIPATION FACTOR 
MIL. REQUIREMENT ACTUAL PERFORMANCE 
2.5% 1.5% 
for all values for values thru 680 mmf. 
2.5% 
for values 820 thru 10,000 mmf. 
TEMPERATURE COEFFICIENT 
MIL. REQUIREMENT ACTUAL PERFORMANCE 
+80% -—56% +10% 
for all values for values thru 680 mmf. 
+15% 
for values 820 thru 10,000 mmf. 
CK Capacitors are checked 100% for dissipation factor 
and capacitance, and to insure that the parts stay within 
tolerance, only 2/3 of the available capacitance band is used. 
Parts are checked for Insulation Resistance after being sub- 
jected to a seal test consisting of exposure in live steam for 
214 hours under 15 p.s.i. Parts are also gauged 100% for 
physical dimensions. 


Insist on “proof of performance” 
for the CK Capacitors you use 
... Specify “VK” micro-miniature 
ceramic capacitors. 


Booth 1818 at WESCON 
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Micro-miniature 


CERAMIC 
CAPACITORS 


Conforms with MIL-C-11015/18/19 


VK 30 
case size: 
0.3” square 
lead spacing: 
0.2” 


z 


VK 20 

case size: 
0.2” square 
lead spacing: 
0.2” 














10—10,000 mmf 
-—55° C to 150° C 
200 VDC rating 





tiny but mighty! 


PROPIMAX:2 


AIR VOLUME —-CFM 


STATIC PRESSURE 
INCH WATER COLUMN 


oe” ROTRON 


us WESCON 3006-3008. 
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VOLTAGE AMPLIFIER HAS HI-INPUT, 
LO-OUTPUT IMPEDANCE 


The medium gain voltage amplifier circuit in Fig. 1 
differs from the usual transistor amplifier in that 
its input impedance is approximately 8 megohms and 
its output impedance 600 ohms, reversing the usual 


high-gain, low-input impedence and high-output im- | 
pedance characteristics of transistor amplifiers. This 


is accomplished through overall negative feedback 
provided by Rj. Resistors Rs, Rs, and Rj; are in- 
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dividual stage feedback resistors. Bias resistors R,, 
Ry and Ry which provide de bias stability are by- 


passed by large capacity, low-voltage capacitors Cs, | 
Cy, and C;. Approximate de has conditions of the 


transistors are given below. 


Transistor Wes Ip 
3v. 0.010 ma 
6 0.50 
13 0.59 
6 4.8 


C; (47 pf) provides negative feedback from the | 


collector to the base of Q4 for high frequencies to 
prevent high frequency regeneration. This use of 
feedback also renders the circuit relatively inde- 
pendent of individual transistor parameters. 

Chassis shield is connected to the circuit at the 
positive end of R,3 instead of at the —30 v ground. 
This prevents bypassing R,3 by the component-to-chas- 
sis capacity of the circuit, thus giving improved high 
frequency characteristics (Fig. 2) to the amplifier. 
NPN 2N338 silicon transistors were selected for the 
circuit. Input and output circuits use the common 
ground, which is insulated from the chassis. 


Voltage gain: 40 db (100) from 25 cps to 50 ke. 

Temperature Stability; Gain stable to +0.10 db 
over the temperature range —55°C to 125°C. 

Max. undistorted open circuit output: 1.8v rms. 

Input impedance: Over 1 megohm from 25 cps to 

to 350 ke, over 8 megohm from 400 cps to 30 kc. 


Noise Level: 24 pv equivalent input noise with | 


input shorted, to 540 pv with input open. 

Output Impedance: 600 ohms. 

Frequency Response: + db from 6 cps to 300 kc. 
Power Supply: 30 v dc 6 ma regulated to +3v 


Source: Arthur D. Evans, Sr. Development Engineer, | 
Semiconductor Components Div., in Application Report | 


Oct. ‘58, Texas Instruments Incorporated, Dallas, 
Texas, also Electronic Industries, March 1959. 
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CONTROL 
PANELS 


e FLUSH-TYPE 


e EDGE- 
LIGHTED 

e EPOXY-EMBEDDED 
WIRING 

e SPOT WELDED 

e ABSOLUTE RELIABILITY 


Completely Wired—Replaceable Lamps 


For critical military requirements; 
exceeds MIL-P-7788A. 


uniform illumination @ maximum contrast 
@ readability at any angle @ visual comfort 
and efficiency @ high impact resistance © 
wiring meets MIL-E-5400 environmental 
specs 


FOR AIRCRAFT @ SHIPBOARD 
e GROUND SUPPORT EQUIPMENT 


Innovators and leaders in this specialized 
field, BODNAR is noted for developing new 
panels at minimum cost . . . unique shapes, 
with maximum visibility, resistance to severe 
mechanical, thermal, chemical and environ- 
mental stresses. 


Write today for details and specification Bulle- 
tins on Illuminated Plastic Control Panels, Dials, 
Knob Assemblies . . . inquiries invited on 
special requirements. 


BODNAR PRODUCTS CORP. 
238 Huguenot Street 
New Rochelle 4, N. Y. 
Phone: NEw Rochelle 6-4664 
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SENSITIVE MONOSTABLE MULTIVIBRATOR 


The property of variable resistance with voltage, | 


which is characteristic of semiconductor diodes, is 
used in the multivibrator circuit shown, in which the 
triggering sensitivity of a plate-to-grid coupled mono- 
stable multivibrator is improved approximately one- 
thousand times through the use of a low-capacitance 
point-contact diode. 


+eay +250V 


POINT DIODE improves triggering sensitivity of multi- 
vibrator, although the circuit shows a Type IN99 diode, 
the author states "any point contact diode satisfying 
the requirement of low capacitance can be used.’ 


The principle illustrated can be used to increase 
sensitivity of other conventional trigger circuits; the 
cathode-coupled version of the monostable multivi- 
brator in particular having high threshold stability 
and independence from heater voltage variations. The 
point diode is favored over other diode types because 
it has low capacitance and high back resistance, and 
because high forward current capacity is not required. 
For maximum sensitivity and reliability in applica- 
tions with varying ambient temperatures it may be 
necessary to regulate temperature or to compensate 
for temperature changes. 

Component values are as shown in the circuit. All 
resistances can be 14 watt +10%, capacitors are 600 
v and values are in picofarads (pf) unless otherwise 
marked. Sensitivity may be regulated by varying R8 
with maximum sensitivity for stable operation from 
signals of approximately 1 millivolt. The time con- 
stant for duration of the quasi-stable or pulse state will 
be approximately 

r = Cy Ry (Rp + Rs) /(Ra + Rv 4+ Rs) 
where in this case Cy == 0.0004 pf, Ry is 50,000 ohms, 
Rp forward resistance of the diode is about 145,000 
ohms and R; = 5,000 ohms, +r will have an approxi- 
mate value of 80 psec. 

Source: Mirko M. Vojinovic, Institute of Nuclear 
Sciences “Boris Kidrich,” Belgrade, Yugoslavia, also 


AIEE Transactions Paper 61-99,” Design of Diode- | 


Switch High Sensitivity Trigger Circuits,” ,$1.00, 
AIEE, 33 West 39th St., New York 18, N. Y. 
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HOW FAST? | 


PIW CAN DELIVER TEFLON 
CABLE AS FAST AS YOU 
CAN USE IT... 


That’s because we have capacity—brand new 
machinery, big new plant geared for crash 
program production. And we have know-how 
—141 years of quality wire-insulating. This 
has to mean high reliability . . . lack of rejects 
... and the kind of special skills and services 
that can only come from experience in depth 
. . . utilized on projects such as Minute Man, 
Sidewinder, Pershing Missile and many others. 


From MIL-W-16878 to our own specially 
developed vinyl control cables, PIW runs the 
gamut—a complete range of types and sizes 
of wire and multiconductor cable for elec- 
tronic instrumentation, military and non-mili- 
tary application. 

We say no one delivers faster than PIW, no 
one prices more competitively, and no one 
makes better wire at any price. Try us. 


PHILADELPHIA 
INSULATED WIRE 
COMPANY 
Moorestown, New Jersey 


The Nation's Fastest Growing, 
Fastest Moving Wire-Insulators 
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HALF-INCH 
HIGH RELIABILITY 
POTENTIOMETERS 


High Temperature Operation 


SPECIFICATIONS — SERIES 57EM 
WIRE-WOUND POTENTIOMETERS 


, 


ress 
Sukie CLAROSTAT 


L ri Sia CLAROSTAT MANUFACTURING CO.. INC. 
oy AAS Ae ea 
Boy yy 7 DOVER, NEW HAMPSHIRE 


See us at WESCON Booth 1714 
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(8) CONVENTIONAL CIRCUIT 


RELAY 
CONTACT =—=— 


CONTACT LEAD WIRE 


Y a id i 
(C) MORE ACCURATE EQUIVALENT CIRCUIT 


FIG. |. SIMPLE circuit of (a) can be approximated 
by (b). For analytical purposes, (c) is a better 
equivalent circuit. 


R-C Networks for 
Relay Contact Protection 


To understand the function of the contact protection 
network, it is helpful to review the effect of a load circuit 
on an unprotected contact. Assume that current is flowing 
in the circuit of Fig. 1 (a). If, now, the contact opens, 
the circuit is broken and the current must drop to zero. 
However, the collapsing magnetic field in the inductance 
tends to keep the current flowing at the steady-state 
value. Since it cannot flow through the contacts, it flows 
to ground through the distributed capacitance of the 
lead wire, producing a transient voltage across the 
capacitance and thus across the open contacts. 

At the first instant of contact opening, the voltage will 
rise at a rate of 1/C volts per seond, where I is the 
steady-state current in amperes in the relay winding and 
C is the total capacitance of the lead wire in farads. When 
the contact voltage reaches the minimum sparking poten- 
tial of air at about 300 volts, a spark occurs and the gap 
breaks down. A 15-volt arc discharge then takes place 
across the gap with a peak current limited only by the 
surge impedance of the cable and having a peak value 
of approximately 


300 volts — 15 volts 


100 ohms 2.85 amperes 


The arc will persist only for the fraction of a micro- 
second required to discharge the capacitance and then 
the process will repeat. The contacts at this instant still 
have only a minute separation. As they continue to separ- 
ate, the voltage required to produce breakdown of the 
contact gap goes to higher and higher value, approaching 
1,000 volts or more. The current in each are discharge 
then has a peak value of 10 amperes or more. In Fig. 
2(a) and 2(b), each charging of the capacitance appears 
as a line sloping upward to the right, but the discharges 
take place so quickly that no downward trace is evident. 
These high-current arc discharges, lasting for only a frac- 
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FIG. 2. OSCILLOGRAMS 
of transient voltages acros: 
unprotected contact when 
lead length is (a) 20 ft., (b) 
60 ft. and {c) 400 ft. 


FIG. 3. TYPICAL contact 
protection with RC network 
(a) across contacts; (b) 
across relay coil. 


0.5 1.0 
TIME IN MILLISECONDS 
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tion of a microsecond, cause heavy contact erosion as the 


contacts open. 


In Figure l(c), with a 400-foot cable, the rate of | 


voltage rise has been reduced so much that the voltage 
at any instant is always less than the breakdown thres- 
hold value for air at that separation and no breakdowns 


occur. The large cable capacitance now provides con- | 


tact protection and the life of the relay contacts is there- 
fore considerably prolonged. Where contact protection is 


needed, the wiring usually will not provide enough | 
capacitance, so a capacitive protective network is com- | 


monly connected into the circuit. With few exceptions, 


a 0.1 pf capacitor is satisfactory for U- and AF-type 


relays. 


With sufficient capacitance in the circuit for protection | 


when the contact opens, a resistance is needed for pro- 


tection when the contact closes. The network capacitor is | 


charged to the full battery voltage when the circuit is 
open. Closing the contacts effectively short-circuits this 
voltage, so a resistance is connected in series with the 
network capacitor to limit the current through the con- 
tact. The resistor thus reduces erosion as the contact 
closes, but also tends to increase it as the contact opens. 
The sudden diversion of the steady-state current into the 
protection network on contact opening immediately 
produces a voltage across the contacts due to the current 
flowing through the protection resistance. A compromise, 
approximately equal to load resistance, is used. 

A typical circuit of a 2,500-ohm relay with the 185A 
network, 0.1 mfd and 470 ohms, connected for contact 
protection is shown in Fig. 3a. An alternative connection 
of the RC unit is shown in Fig. 3(b).—(From 10-page 
booklet “Rifa’s RC Unit,” including reprint of Bell Labo- 
ratories Record article, “Relay Contact Protection,” Pre- 
sin Co., Inc., 2014 Broadway, Santa Monica, Calif.) 
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the NEW Hi-G 
“dice cube” relay 


(Created Specifically for 
Printed Circuit Applications) 


Volume — ¥% cubicinch max. = 
Package Density—8 per cubic inch, 
13,824 per cubic foot. 


Model C Relay. 
SPDT, dry circuit to 1 
amp resistive. 


—65°C to +125°C. 


Type: 
Contacts: 


Temperature: 

Insulation 

Resistance: 

Dielectric 

Strength: 1000 VRMS @ Sea Level. 

Convenient Size: 42” Cube, allowing best 
compatibility in size to other printed 
circuit components. 

Optional Terminals: Long or short leads 
for printed circuit applications, or hook 
type for standard wiring. 

Construction: Balanced armature con- 
struction, proven the best approach 
available for resistance to extremes of 
vibration and shock, exceeding all pres- 
ent military specifications. 

Environmental Characteristics: To meet 
all military relay specifications for com- 
ponents of this size. 


1000 megohms @ 125°C. 


Printed Circuit 


Features Diagram 
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*Trade Mark of Hi-G, Inc. 
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THE ONLY COMPLETE LINE OF BALANCED ROTARY RELAYS BRADLEY FIELD, WINDSOR LOCKS, CONN. 
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BASIC UNIT 





SEALED PLUG-IN 


PROGRAMMER 





TIMER-PROGRAMMER 


You can count more with INCREMAG 


INCREMAG is a counting-timing-program- 
ming component ... a reliable solid-state unit 
that counts up to 16, instead of being limited by 
“ves-no”’ logic. 


Increased reliability, fewer components, and 
lower power consumption are some of the specific 
advantages which INCREMAG gives to many 
programming and computer applications. IN- 
CREMAG offers wide versatility as a component 
or as a complete system with attendant oscillators 
and logic circuitry. Reliability in the operation 
and control of critical satellite electronics has been 
repeatedly demonstrated in orbit. 


The basic INCREMAG unit has a magnetic 
core which becomes incrementally magnetized. 
The core is saturated by a predetermined integral 
number of constant-magnitude pulses. Saturation 
causes a discharge pulse which returns the core 
to its original state. 


These versatile components may be combined 
serially or in parallel to give decimal-coded or 
other types of readout, with predetermined or ex- 


ternally adjustable counts. They have the ability 
to maintain the count in the event of power failure. 
They are available in multistage components on 
printed circuit cards ... in stacked, potted, and 
sealed plug-in units .. . and with time sources and 
logic to suit system requirements. 


INCREMAG counts random or periodic | 


| between windings and the copper mandrel. Induced 


pulses, up to 100,000 per second. It surpasses ap- 
plicable MIL Specs. These rugged, reliable units 
meet extreme environmental requirements, yet 
are so sensitive they can detect an incoming pulse 
that reaches peak amplitude as slowly as the in- 
coming tide. INCREMAG works well because it 
is built well. It will pay you to find out how much 
it can do to simplify your system. 


Visit Booth No. 613 at WESCON 


Write for your INCRE- 
MAG Bulletin containing 
specifications and applica- 
tion data. 


*Registered Trademark, U.S. Patent No. 2897380 


GT 
eine 


201 Summer Street 


INCREMAG DIVISION 
GENERAL TIME CORPORATION 


Stamford, Conn. 


DAvis 5-2691 
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FIG. |. INFINITE RESOLUTION wirewound po- 
tentiometer Model 106-S (left) has precision ball 
bearings and Size 10 servo mounting flange. Model 
100A is identical electrically and physically except 
that it is equipped with sleeve bearings and mounts 
with 3"'-32 bushing. 


Quadrature Measurements 
of a Multi-Turn Wire-wound 
Potentiometer 


In considering the ac performance of a precision po- 
tentiometer the induced phase shift of the output voltage 
is the most important characteristic. Another, and more 
commonly used method of expressing this characteristic, 
is the “quadrature” parameter. By quadrature is meant 
that component of the output voltage which is in quadra- 
ture—or 90° of out-of-phase—with the input voltage. 

Although an ac-carrier servo-mechanism only responds 
to the in-phase component of signal voltage, quadrature 
may degrade the overall performance of the servo by 
saturating amplifiers, overheating servo motors, etc., in 
general causing sluggish response. Quadrature is, obvi- 
ously, an undesired by-product of ac excitation. 

In the conventional wirewound potentiometer, quadra- 
ture is principally due to the distributed capacitance 


quadrature then becomes a function of wire size, nature 
of winding, overall resistance, geometry, shaft rotation, 
and excitation frequency. Quadrature plotted vs shaft 
rotation is roughly the shape of an “S” where quadrature 
is zero at the end points and the center, being positive 
or leading in the first 50% and negative or lagging in the 
second 50% of shaft rotation. 

VICO infinite resolution wirewound potentiometers 
utilize a unique design in which a precious metal brush 
slides across a single helically-wound length of resistance 
wire. This resistance wire is supported on a non-metallic 
form of high dimensional stability and low thermal co- 
efficient of expansion, which results in extremely high 
insulation resistance, low inductance and low capacitance 
when used in ac circuitry. 

Quadrature measurements on the VICO potentiometer 
were taken at 400 cps using the test circuit shown. A 
standard ratio transformer with low phase-shift (10 
micro-radians) was used to null the in-phase component 


| of the potentiometer output voltage. The quadrature 
voltage was read directly on a sensitive phase-sensitive 


carrier-tuned VTVM. A bridge transformer was used 


| as a summing device and to increase sensitivity. 


Although quadrature for a conventional 2” potenti- 
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7 ; “ PHASE SENSITIVE 
Oe nar VTIVM MODEL 2028R 
FIG. 2. QUADRATURE MEASUREMENT schematic 
used in test of VICO Model 106S 1000 ohm 


Potentiometer. 


ometer at 400 cps may be expected to be about 0.1 
mv/volt/1000 ohms, the specification for the VICO po- 
tentiometer is realistically judged to be 0.0004 mv/volt/- 
1000 ohms, or at least 250 times less than that for a con- 
ventional potentiometer. (From 4-page engineering study 
on VICO Models 106S and 100A Infinite Resolution Po- 


tentiometers, prepared by Engineering Information Asso- | 


ciates, Inc., for Vogue Instrument Corporation, 2350 
Linden Blvd., Brooklyn 8, N. Y.) 
FOR THIS LITERATURE CIRCLE 123 ON READER-SERVICE CARD 


Liquid System Tester 


New self-contained, portable Quan-Test, Model TF- 
20, a servo-operated Tester for capacitance-type gage 
systems, provides a built-in calibration for both sens- 
ing and indicating component readings. Combines 


Model MD-2A Probe Tester 


with a newly-designed, 


integral Indicator Test Unit. Probe capacitances from 
0-5,000unf are measured by a servo-actuated capaci- 
tance bridge. Indicator test unit simulates probe val- 
ues by fixed and adjustable capacitors, with compen- 
sator values adjustable from 25-250yuf. Accuracy of 
either unit is 0.15% of full scale—Conair (Con- 
solidated Airborne Systems, Inc.) 900 Third Ave., 
New Hyde Park, N. Y. 
FOR THIS LITERATURE CIRCLE 124 ON READER-SERVICE CARD 
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POSITIVE SERVO SYSTEM STABILITY 


...now possible because Beckman’ velocity-damped 
servomotors replace complicated rate-feedback systems! 


Stability is one of the major prob- 
lems facing today’s servo systems 
designer. A damping technique of 
some type must be used when it is 
important that motors follow high 
gain input signals without oscilla- 
tion or instability. 

What’s the best method of achiev- 
ing stability? Helipot’s answer is 
the Velocity-Damped Servomotor -— 
with unique advantages over any 
other damping technique. These 
units introduces viscous friction, or 
damping, into thé servo system by 
greatly simplified and extremely re- 
liable electro-mechanical means. 
Compare this to the damping gener- 
ator. Velocity-damped servomotors 
can be used in nearly 80% of the 
applications where motor-generators 
are now being used. These new 
Helipot units eliminate amplifier 
feedback channels as well as the null 
voltage and phasing problems associ- 
ated with motor-generator feedback 
loops. And velocity-damped units 
are more reliable, lighter in weight, 
smaller in size, and lower in cost. 


Let’s examine the facts. 


Position versus Time 





with —— ~~ s 


Step 
Input 
Limits 














T2(MG or VM) T; (Motor) 


Motor 


Here’s what happens. The figure 
above plots position against time, 
assuming a step input. It illustrates 
the difference in settling time be- 
tween a standard servomotor and a 
Beckman Velocity-Damped Servomo- 
tor. Note that the velocity-damped 
unit, while not reaching its position 
as fast as the servomotor, does damp- 
en out much sooner. 

JUST HOW DOES VELOCITY-DAMPING 
WORK? 

A magnetic damper section, consist- 
ing of alow inertia drag-cup integral 
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with the motor shaft and two fixed 
permanent magnets, is attached to 
the servomotor in much the same 
manner as a generator. Currents are 
induced in the cup as it rotates 
around the magnets. The force ex- 
erted on the cup results in a retard- 
ing torque, or damping effect, on the 
motor shaft. 


And this is adjustable damping. It’s 
possible because polarity between 
the two magnets is variable, provid- 
ing a means by which the total forces 
due to induced currents can be ex- 
ternally controlled. Even with the 
motor in operation, the amount of 
damp can easily be adjusted by set- 
screw and locknut. 


WHERE CAN VELOCITY-DAMPED UNITS 
REPLACE MOTOR-GENERATORS? 


The damping effect of velocity- 
damped units is directly proportional 
to speed in the same way that gener- 
ators produce a feedback voltage pro- 
portional to speed. It follows that 
the two are theoretically interchange- 
able in position servo application. 


And they are—up to 80% of the time. 
Their use is limited only where more 
damping is required than can be ob- 
tained from the two magnets. The 
factor here is one of physical size 
alone. 


WHAT SPECIFIC ADVANTAGES DO 
VELOCITY-DAMPED UNITS HAVE? 


You'll find that Beckman velocity- 
damped servomotors have 7 big 
plusses when compared to motor- 
generators. Take a look. 


1. ELIMINATE NULL VOLTAGE AND PHAS- 
ING PROBLEMS by replacing rate-feed- 
back loops with magnetic damper sec- 
tion. 


2. MORE RELIABLE because there is 
one less stator and its associated 
winding. 

3. DAMPING ADJUSTMENT eliminates 
the need for trimming of circuits. 
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4. CONSUME LESS POWER because of 
the energy stored in the permanent 
magnets. 


5. REDUCED TEMPERATURE SENSITIVITY 
due to direct application of drag 
torque to rotor. 


6. SMALLER SIZE AND LIGHTER WEIGHT 
in sizes 11, 15, and 18. 


7. AND... LOWER IN COST IN ALL SIZES! 





Maximum Differential 
Range 
dyne cm. sec/rad 





Max.* 





8 9008-1301-0 20 
8 9008-1302-0 25 
11 9011-1301-0 100 




















*Higher maximum damping is available at a sacrifice 
of differential range. 


Beckman Velocity-Damped Servomo- 
tors are available in the above models, 
and also in sizes 15 and 18. They’re 
precision-built by Helipot to give 
you a more effective method of over- 
coming stability problems. 


The Beckman Size 8 and 11 Velocity-Damped 
Servomotors 


WANT MORE INFORMATION ? Detailed 
specs and additional product facts 
are included in the Beckman Size 
8-11 Servomotor Catalog. It also con- 
tains all necessary transfer function 
equations for the calculation of your 
damping requirements. To get a copy, 
call your nearest Helipot Sales Engi- 
neering Rep or write direct. 


INSTRUMENTS, INC. 
HELIPOT DIVISION 


Fullerton, Calif. 
POTS : MOTORS : METERS 
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FIG. 1. THERMISTORS, temperature-sensitive re- 
sistors, are made in a wide range of styles and 
have an even wider range of electrical character- 
istics. A few representative VECO high-reliability 
types are shown. 


The Thermistor--A Specialized 
Semiconductor Sensor 


MEYER SAPOFF 


The accompanying article on basic thermistor considerations has been prepared for MILITARY SYSTEMS DESIGN 
by Mr. Meyer Sapoff with a view to provide better basic understanding of thermistor behavior. Mr. Sapoff, Director 
of Research and Engineering for the Victory Engineering Corporation of Union, N. J. has had wide experience in 
semiconductor research and development and is the author of numerous articles covering mathematics, physics and 
special developments. Victory Engineering Corporation was organized to manufacture thermistors and varistors 
under a cross-licensing agreement with the Bell Telephone Company Laboratories and Western Electric Co. 


HE THERMISTOR, a temperature-sensitive ele- 

ment of amazing versatility, is finding increasing 
applications in electronic military and industrial sys- 
tems. In its simplest form it is a tiny ceramic bead 
fired between almost invisible parallel platinum wires, 
although it may also be encapsulated in glass or made 
in rod, disc or washer configurations (Fig. 1). 

The nonlinear nature of the negative temperature- 
resistance characteristic of the thermistor is evident 
from the family of curves in Fig. 2 of six probe- 
type VECO thermistors. By varying the ceramic for- 
mulation and size of bead, an almost infinite varia- 
tion in characteristic slope is possible ( Fig. 3). 

Another variable is the thermal time-constant, 
governed by the rate at which heat is transferred 
from or to the thermistor in any application. 

Self-heating of a thermistor by the current flow- 
ing through it is still another factor tending to com- 
plicate design problems involving thermistor appli- 
cations. 

To better understand the nonlinear behavior of 
the thermistor over a wide range of conditions, the 
applications engineer does well to study its action 
in the light of modern semiconductor theory, which 
closely parallels that of transistors and diodes in 
many important aspects. 


A thermistor (thir-mis’ter) is a “thermally sensitive 
resistor whose primary function is to exhibit a change 
in electrical resistance with a change in body tem- 
perature”.' In the main, the discussion which follows 
will be limited to thermistors that are hard, ceramic- 
like, oxide semiconductors which exhibit relatively 
large negative temperature coefficients of resistance. 
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At present, the major part of the thermistor indus- 
try deals with this type of device. 


Types of Semiconductors 


Solid materials can be classified into three major 
groups in accordance with their ability to conduct 
electricity—conductors, semiconductors and insulators. 
Although no sharp boundaries exist between these 
groups, a division can be made arbitrarily in terms 
of the resistivities of the materials. Conductors have 
specific resistances which are less than 0.1 ohm-cm, 
semiconductors are characterized by specific resist- 
ance values at room temperature between 0.1 and 
10° ohm-cm while the resistivity of insulators is con- 
sidered to be greater than 10° ohm centimeter.” 

Semiconductors may be further classified in ac- 
cordance with their major current carriers as ionic, 
electronic or mixed conductors*. Ionic semiconduc- 
tors include chlorides and some sulphides. Mixed 
semiconductors include other sulphides and a few 
oxides, such as uranium oxide. Ionic and mixed con- 
ductors have the undesirable property of ion trans- 


FIG. 2. RESISTANCE-TEMPER- 
ATURE Characteristics of six 
probe-type thermistors, which 
comprise the VECO KPS5O kit. 
Selections of thermistors in kits 
covering a range of character- 
istics provide designers with a 
practical method for choosing 
a standard thermistor or for 
specifying a special unit. 


portation through the solid and consequently and 
are rarely used for thermistors. The majority of com- 
mercial thermistors are made from electronic semi- 
conductors which include most oxides such as Mn3Q,, 
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ples would show wide variations in conductivity 


and their conductivity would be found to increase 
with increasing amounts of impurity. The conduction 


which occurs at high temperatures is called intrinsic 


conduction since it appears to be an intrinsic prop- 
erty of the semi-conductor. In the low temperature | 
region the germanium would be said to be an im- | 


purity semiconductor and the conduction which oc- 
curs is referred to as extrinsic conduction. 

An intrinsic semiconductor is one which conducts 
in the pure state. If the semiconductor is completely 
free of impurities, such as would be the case for 
extremely pure monocrystalline germanium or silicon, 
then only intrinsic conduction occurs and, for a speci- 
fied applied electric field, the conduction will in- 
crease in a predictable manner with increasing tem- 
perature. 




















Energy Band Theory of Electron Movement 


The mechanism of conduction in semiconductors 
can best be understood from a consideration of the 
energy band theory of quantum mechanics. Quan- 
tum theory predicts that the electrons in a free atom 
must exist within discrete energy levels which are 
separated by “forbidden” gaps and that only one 
electron can occupy a particular energy state in any 


FIG. 3. SKILL plus ultra-pure materials are re- 
quired to fabricate the high-reliability thermistors 
required in military and other critical electronic 


systems. system. If an electric field acting on an electron has 

the correct magnitude, it will cause the electron to 

Fe,03, NiO, CoO; carbides such as SiC and ele- jump across a forbidden gap to an unoccupied al- 
ments such as germanium and silicon. lowed level. 

This same type of behavior exists in a solid body 

Intrinsic vs. Extrinsic Semiconduction in which electrons move between the atoms in the 


There are two basic types of semiconduction— body. Although every atom within a solid has its PRECISION 
namely, intrinsic and extrinsic. If a number of samples own discrete energy levels, the interaction of the 











of a semiconductor such as germanium, having atoms results in allowable energy bands which are | POTENTIOMETERS 
various degrees of impurity, were examined with separated by forbidden or unallowed energy bands. | 
respect to their conductivity vs absolute tempera- Under the influence of an electric field, conduction | 
ture characteristics, it would be found that at high in a solid occurs when electrons move within al- by New England Tnbtuimente 
temperatures all the samples would exhibit nearly lowed energy bands which are not completely filled. 


aa ; WIRE WOUND — CONDUCTIVE PLASTIC 
the same conductivity. At low temperatures, the sam- In a perfect insulator, all of the allowed energy Si 


Whatever your potentiometer require- 
ment may be, N.E.!. has the answer. 
-ELECTRONS Since we produce both wire wound and 


FIG. 4. QUANTUM ENERGY re- o 0 0 0 le eupry 3 senteaive Senes Sew tet ocainnen 


: = can impartially evaluat 

quirement for conduction; (a) “ae + 3 and came rasa the ‘wanes aes 
shows intrinsic conduction in which DONOR aie CONDUCTIVE PLASTIC 
electrons are activated into con- so IMPURITIES rt 
duction band by thermal energy Pe. See 
leaving “holes'’ behind; (b) extrin- 

sic p-type conduction is typical 


: - ; : ves IK, 2K, 5K, 10K 
of oxide semiconductors in which , ageenren and 20K, 0.5 linearity. 


Schottky defects exist while (c) HOLES e000 6 am Secchi aie 
shows extrinsic n-type conduction i greens SE, to 1 megohm — 0.1% 
in oxide semiconductors in which SRS ere FILLED sie OO Oe @ inearity 


; VALENCE eeecee ®@ Single or multigang 
Frenkel defects predominate. Soak ba lity 


: WIRE WOUND 
nium. 

FIG. 5. DOPING of Germaniu @ Meet performance specs of MIL5272A, and NAS710 and 

(a) Aluminum, an “acceptor” im- applicable portions of JANR-19 

purity with three valence electrons ®@ Maintain excellent characteristics from —55°to 150°C 


forms covalent bonds with four Ge . P @ Available from 2” single and 10 turn types to 3” 
atoms, but one bond lacks electron ‘ / / EXCESS @ Standard resistances from 1K to 100K, special designs 


nat / 
(has “hole"'), forming ''p" type \ ELECTRON from 25 ohm to 250K 

@ Singl Iti ion. 
semiconductor. (b) Antimony, a gs ingle or multigang construction 


"donor impurity with five valence 


WEL SEND FOR COMPLETE CATALOG 
electrons, also forms covalent , \ 
bonds with four Ge atoms, but has 


excess electron, creating ‘'n" New England Trittument Company 
* e | achusetts 


type semiconductor material. 39 Green Street, Waltham, Mass 
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Infinite resolution 

@ Unsurpassed reliability 
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@ Standard resistance val- 
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semiconductor at a temperature of absolute zero. In 
this case the valence electrons occupy all of the 
allowed energy states in the highest filled band. As 
the temperature of such solids is raised above ab- 
solute zero, some of the electrons from the valence 
band acquire sufficient energy to jump across the 
adjacent forbidden band into the lowest allowed 
empty band and some electronic conduction occurs 
under the influence of an electric field. 

For every electron that is “activated” into the 
normally empty conduction band there is left be- 
hind a “hole” in the normally filled valence band. 


This permits other electrons having slightly lower | 
energies to move within the valence band into these | 
holes under the influence of the applied electric | 
field. These holes behave, under the influence of | 


_ the applied field, like particles which have a charge 
equal and opposite in sign to that of an electron 
and a mass equal to or somewhat larger than the 


mass of an electron.*:* Both electrons and holes con- | 


tribute to the conductivity of an intrinsic semicon- 
| e - 

| ductor in approximately equal amounts. The mech- 
| anism by which thermal activation results in con- 


duction of electrons and holes in an intrinsic semi- | 


conductor is illustrated in Fig. 4. The activation en- 


ergy, A E, associated with the forbidden gap can | 


| be used as a more refined means of classifying solids 
| in accordance with their electrical conduction prop- 
erties. A solid material which has an energy gap 
| in the range of 0.1 to 1.5 electron volts (ev), may 
be considered to be a semiconductor.’ The energy 
gap for conductors is either non-existent or less than 


0.1 ev while that for insulators is greater than 1.5 | 


ev. 
Extrinsic conduction results from chemical im- 


S Lal h dim 3 - \ | u | [ " p U rpose | purities in the solid solution or lattice defects in the 


| semiconductor. These imperfections result in extra en- | 


P7( WA yressu re ite n sd ucers | ergy levels which lie in the normally forbidden band. | 


| This accounts for the fact that extrinsic conduction 


IFLAST TIMELY Gls EM EHLERS ULCERS MRREIUUC SMCS EIEESiiiusiecieme | prevails at low temperatures. As the temperature of | 
g pur} I 


iene ty os the impurity semiconductor is increased fr ab- 
pressure transducers are now available for immediate deliv- — or is increased from ab 


Se. ae vel vc ae IAT hac us es : nS ‘ . 
ery! The compact, lightweight P707 has been designed to available by dissociation from impurity centers than 


withstand the stringent environmental conditions encoun- would otherwise occur for a pure semiconductor. As | 


| the temperature continues to be increased a point 


tered in high performance aircraft, space probes, and ; : , , 
| » SI I ’ is reached at which all of the carriers available from 


ballistic missiles. the impurity centers have been released, and their 
This Zero-length/dimensionless pressure transducer number remains constant. At still higher tempera- 


features a wide variety of ranges, low sensitivity acceler- 
ty of ranges, low sensitivity to accelei greater numbers than the total number of carriers 


ELOCeemecbeleMen cecil (celmaelcusntel Mele ceueeteecmusiaale liar Gulia: which are freed from impurity centers and as a 
in frequency response or in non-linearity and hysteresis ee 
ee — is primarily intrinsic. 
cnaracteristics. Available for measurement of absolute and 


. os . es p orpger wpe ° 
gage pressures from 0-5 psi through 0-5,000 psi. N" and “P Type Monocrystalline 
Semiconductors 
For complete data on the P707 contact. the Statham sales office in vour area In monocrystalline semiconductors, such as Germa- | 
ee ee | nium and Silicon, extrinsic conduction results from 


controlled amounts of chemical impurities which are 
added to the otherwise pure element. The impurity 
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Spe is selected so that its atoms contain either one more 
- = | or one less valence electron than those of the element 
D V $s 4:0 tf ’ s J 
and thereby form covalent bonds with the atoms 
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| solute zero, a greater number of carriers become | 


tures, the intrinsic electrons are available in far | 


consequence, the conduction at high temperatures | 
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TRANSFORMERS 


Hermetically 
Sealed to 
MIL-T-27A 


*Hi”” SERIES power and plate trans- 
formers are suited for both military 
and commercial use. Conservative de- 
signs, using MIL cases, provide maxi- 
mum reliability through low temperature 
use and high insulation factors. Grain- 
oriented core materials, combined with 
the latest winding techniques, produce 
units of exceptional efficiency and 
reliability. The tapped high voltage wind- 
ing provides either of two secondary volt- 
ages for greater versatility. Plate trans- 
former ratings are, primaries: 105/220 
volts, 50/60 cycles, secondaries: 1000 
to 6000 volts up to 1 amp. Power trans- 
former ratings are, primaries: 115 volts, 
50/1000 cycles, secondaries: high volt- 
age 200 to 2400 volts up to 42 amp, & 
multiple low voltage filament windings. 
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REC’s new 
TRIPLE BRIDGE UNIT 


Check these advantages in resistance 

temperature measurement applications: 

e Suppresses large lead resistance changes 
(up to 5 ohms) 

e Suppresses variable lead resistances 
at null and when unbalanced 

e Suppresses unequal lead resistances 

e Trims out calibration differences 

e Multiple temperature ranges 
Standardized 10 mv. DC output 

e Full line of auxiliary equipment 

This precision-made, plug-in unit per- 

mits convenient change of full-scale 

temperature and corrects known calibra- 

tion errors of sensor. Basic 10-channel 

unit provides 10 temperature ranges for 

each of 10 sensors. 


Write for Bulletin 86012 
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YOUR SEMICONDUCTORS 


Manufactured to the highest 
standard of Purity, Homogeneity, 
Repeatability and Reliability. 
Doped Gold Alloys 
99.999 Aluminum and Alloys 
Heavy Buildup of Tin, In- 


dium and Alloys on Base 
Metal Wire 


99.999 Gold to as small as 
.0004 


The closest tolerances held on all 
physical and electrical properties. 


Write for data on your specific needs. 


SECON METALS CORP. <econ 


] Intervale St.. White Plains, NY 
WHite Plains 9-4757 
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of the element. This is illustrated symbolically in | 


Fig. 5. In Fig. 5 (a) an aluminum atom is shown 


forming four covalent bonds with neighboring ger- | 


manium atoms. Since aluminum has three valence 
electrons and germanium has four valence electrons, 
each aluminum atom which appears in the germa- 
nium lattice structure contributes a hole to the lattice 
structure. Impurities which contribute holes are called 


“acceptor” impurities and semiconductors which con- | 


tain added acceptors are called “p-type” semicon- 


ductors because its extrinsic conduction is due to a pre- | 


dominance of positive carriers. 
Fig. 5 (b) shows a germanium crystal “doped” 


with antimony which has five valence electrons. Since 


the antimony atoms contribute excess electrons in 
the germanium lattice structure, the antimony is re- 
ferred to as a “donor” impurity. The extrinsic con- 
duction which results from donor impurities is due 
primarily to negative carriers. Accordingly, such semi- 
conductors are called “n-type” semiconductors. 


Oxide Type Semiconductors 


Although the structure and mechanism of conduc- 
tion in monocrystalline semiconductors is fairly well 
understood, their use as thermistors has been very 
limited, to date. At present, almost all commercial 
thermistors are fabricated from oxide semiconductors. 
Unfortunately, no quantitative theory presently exists 
which adequately explains the behavior of oxide 
semiconductors. However, some qualitative insight 
may be obtained by comparing the properties of oxide 
semiconductors with those of single-crystal doped ele- 
ments. 

Whereas conduction in monocrystalline semicon- 
ductors depends on chemical impurities, the atoms 
of which form covalent bonds with those of the 
crystal, conduction in oxide semiconductors depends 
primarily on physical imperfections. In addition to 
covalent bonds, the bonds between the atoms of 
oxide semiconductors are also ionic. 

There are two types of lattice defects in oxide 
semiconductors which are comparable to the donor 
and acceptor impurities of monocrystalline semicon- 
ductors and result in excess electrons or holes. 

In one type of oxide semiconductor, there are 
empty impurity levels which lie in the forbidden 
gap just above the normally filled valence band. 
When electrons are raised from the filled band into 
the impurity levels, the resulting holes give rise to 
conduction in the valence band (Fig. 46). Oxides 
of this type, such as NiO and Cu,0O are called “p’- 
type oxide semiconductors. The impurity levels re- 
sult from Schottky defects in which positively ionized 
divalent metal atoms are missing from the lattice as 
a result of an excess of oxygen. 

Frenkel defects result in excess ionized metal atoms 
in the lattice which are not bound to oxygen atoms. 
Defects of this type are due to a deficiency of 
oxygen. The electrons associated with the excess 
metal atoms result in impurity levels just below the 
conduction band comparable to donor levels (see 
Fig. 4c). Since the extrinsic conduction is due to 
electrons which are raised from the impurity level 
into the conduction band, materials of this type are 
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INFORMATION RETRIEVAL AND MACHINE 
TRANSLATION, Part I, edited by Allen Kent (1961), 
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PERFORMANCE-PROVED 
INTERCHANGEABLE 
UNIFORM 


PERFORMANCE-PROVED 
IN ERCHANGEABLE 
sNIFORM 


What's The Problem? 


PARAMETRIC AMPLIFIERS 
AND 
VARACTOR DIODES 


Tyco Semiconductor says there is no problem. Hidden costs of 
diode selection and elaborate tuning procedures are now being 
eliminated from parametric amplifier designs. Tyco Semicon- 
ductor’s gallium arsenide varactor diodes are the answer. Strict 
electrical characteristics, UNIFORM operation, are the norm, not the 
exception—AP diodes are INTERCHANGEABLE. Tyco varactor diodes 
have been consistently PERFORMANCE PROVED by numerous field reports. 


You benefit — not through interchangeability alone: 
* new levels of low noise performance 
* complete freedom to cool to — 196°C 
* reductions in pump power requirements 
* accurate measurements at 10 kmc 
* fco minimums specified at — 2.0 volts 
* controlled junction capacity spreads 


simplified overall amplifier design 
ELECTRICAL CHARACTERISTICS (measured at 25°C ambient temperature) 
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_ |PARAMETER CONDITIONS AP-1 AP-2 AP-3 AP-4 AP-5 











ny ' 
Reverse 1.=10 ya 6 min. for AP-1 thru AP-5 
Breakdown | | 


| | 
C; | Total v=0, f=Ime .5 to 1.5 for entire series : 
Capacitance | 


Q | Figure of 
Merit 


Vi=2v, f=10kme 9 min. | 11 min.| 13 min.| 15 min.| 19 min. 


6 min. | 7 min. 


fco | cut off freq. | Vi=2v 60 min. | 70 min. | 90 min. 110 min.|130 min.|150 min.|190 min.| kme 





























Tyco Semiconductor gallium arsenide varactor diodes have successfully completed 
2000 hours of operating life testing — and are regularly subjected to humidity, 
salt spray and drop testing operations prior to shipment. 


All AP series diodes are available for immediate shipment. 
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called “n”-type oxide semiconductors. Examples of 
n-type oxides are ZnO and TiO». 
Historical Development of Reliable Thermistors 

The thermal behavior of semiconductors is by no 
means a new phenomenon. As early as 1837, Michael 
Faraday reported measurements on the high nega- 
tive temperature coefficient of silver sulphide. 

The first commercial production of thermistors was 
begun in Berlin, Germany, by the Orsam Company 
in 1932 and by 1939 this company had produced 
over ten million units of 90 different types.* Be- 
tween the mid-thirties and early forties thermistors 
were produced and mentioned in the literature abroad 
in Germany, Holland, Russia, England and Japan. 
Commercial production of thermistors in the U.S.A. 
was begun in the mid 1930's. 

The greatest contribution to the early develop- 
ment and manufacture of thermistors resulted from 
research conducted at the Bell Telephone Labora- 
tories. During the early thirties the Bell Telephone 
Laboratories were confronted with the problem of 
developing a device which would compensate for 
the variation of resistance of telephone transmission 
lines with temperature. Although a large number of 
potentially suitable semiconductors were initially in- 
vestigated, they found it necessary, after several 
years of research and development, to eliminate all 
but a few carefully selected basic materials which 
were found to exhibit chemically and electrically 
stable characteristics. The major difficulty experienced 
with most of the metallic oxides considered lies in 
producing them with stable characteristics which are 
reproducible to fixed specifications and free from 
undesirable effects such as polarization. 

The development of thermistors at the Bell Tele- 
phone Laboratories was further stimulated by the 
requirements for such devices during World War II 
and by 1945 thermistors had found wide-scale tele- 
phone usage. 

Some early types of thermistors manufactured by 
the Western Electric Company for time delay appli- 
cations in telephone circuits made use of uranium 
oxide. Although these were suitable for use in ac 
circuits they could not be used in de circuits be- 
cause of the polarization effect exhibited by ura- 
nium oxide. To eliminate this undesirable property, 
most thermistors subsequently developed by the Bell 
Telephone Laboratories and manufactured by the 
Western Electric Company were made from two 
basic oxide systems which were found to exhibit the 
most stable characteristics. These are their material 
No. 1 which consists of oxides of manganese and 
nickel and exhibits a temperature coefficient of 
—4.4%° C and a resistivity of approximately 2100 
ohm-cm at 25° C; and material No. 2 which is com- 
prised of oxides of manganese, nickel and cobalt 
and has a temperature coefficient and resistivity at 
25° C of —3.9%/° C and approximately 300 ohm- 
cm respectively. 

Although the improper use of other types of com- 
mercially available thermistors, designed for less criti- 
cal applications, has impeded the growth of the 
thermistor industry to an appreciable extent, the out- 
standing record established by the Western Electric 
Company and other organizations licensed by them 
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to manufacture thermistors made of these materials 
has proven beyond any doubt that thermistors are 
capable of meeting the very high reliability require- 
ments demanded of telephone and other electronic 
circuit components. In recent years, thermistors of 
this type have been used in almost every missile, 
rocket and satellite program carried on in this coun- 
try. 

Besides the Western Electric Company, an or- 
ganization which has provided outstanding contribu- 


tions to the continued development of the type of | 


thermistor originally developed by the Bell Tele- 
phone Laboratories, is the Victory Engineering Cor- 


poration. As a result of their pioneering efforts in | 
the manufacture of high quality thermistors and the | 


education of industry in the proper use of high- 


quality reliable thermistors, the Victory Engineering | 


Corporation has expanded the original Western Elec- 


tric Company line of thermistors limited primarily | 


to telephone circuit and bolometry usage to a stand- 
ard line which includes more than 600 cataloged, 
stock items for use in over 100 standard applications 
as well as countless other types for specific applica- 
tions.*** 
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BOOK REVIEWS 


TRANSISTOR LOGIC CIRCUITS, by Richard B. 
Hurley (1961), John Wiley & Sons, Inc., New York 
16, N. Y. 363 p., 6” x 9”, $10.00. Covers logical mathe- 
matics, logical routines and blocks, and transistor cir- 
cuits that implement the mathematics and blocks. 
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PARTIAL DIFFERENTIAL EQUATIONS and 
CONTINUUM MECHANICS, edited by Rudolph E. 
Langer (1961), The University of Wisconsin Press, 
Madison, Wis., 397 p., 6” x 9”, $5.00. Consists of 19 
lectures delivered at an international conference at the 
Mathematics Research Center, Univ. of Wis., June 7- 
15, 1960; also abstracts of 45 papers presented at this 
conference. 
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NEW -59 to *89C SOLID TANTALUM CAPACITORS 
ANNOUNCED BY TANSITOR ELECTRONICS 


Ranging in capacitance from 0.01 to 20 microfarads and in working 
voltages of 3 to 15, TANSITOR’S new TS-type solid tantalum capacitors 
operate at —55 to +85C. But, they can be stored at —80 to +125C 
and are not damaged by short time 125C assembly temperatures. 


Ideal for microminiature applications, they range from 0.150 to 0.313 
inches in length and 0.065 to 0.103 inches in diameter. The Mylar* 
insulating sleeve and encapsulated body insure reliability under severe 
environmental conditions. 

*T.M. E. I. DuPont de Nemours & Co. 


MORE DETAILS? 
A complete technical data sheet is readily avail- 
able. Address your inquiry to: TANSITOR 
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New Miniature Pot Trimmer 
Qualifies Under Stringent 
Mil Specs 


The precision wirewound potentiometer, 50-M48, 
is expressly designed and built to meet the most strin- 
gent requirements of Mil-R-27208 (USAF), style 
RT140A3M2T. A hermetically sealed cover is sol- 
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Proven reliability of the basic Circle Seal design, supplemented by precision production 
techniques, have made Circle Seal valves renowned for operational 
dependability in the most critical aircraft, missile and ground support applications. 


























200 SERIES CHECK VALVE 


¢ Absolute zero leakage 

* 0-3000 psi. 

¢ Low cracking pressure 

¢ Mounting versatility for any appli- 
cation 

¢ Ideal in applications from vacuum 
to low or high pressure pneumatic 
or hydraulic systems encompassing 
the entire range of exotic fuels and 
oxidizers 


800 SERIES CHECK VALVE 
LOW PRESSURE CHECK VALVE 


* Perfect sealing from 0-600 psi. ¢ Superior performance from 0-3000 
* Low cracking pressure psi. 
* Minimum pressure drop « Leakproof sealing assured by resil- 
* Unaffected by O-ring swell ient seals 
¢ Perfect for applications requiring * Minimum size and weight 

a combination of low pressure drop ¢ Suitable for mounting in any posi- 

and zero leakage tion 

¢ Maintenance-free reliability 


2600 SERIES MINIATURE 


a ee 


dered to the housing and the shaft is sealed with a 
silicone rubber “O” ring. A split type bushing with 
locknut assures permanent setting. The variable re- 
sistor is available in stock in standard resistance 
values of 25, 50, 100, 250, 500, 1K, 2K, 2.5K, 5K and 
10K ohms. Standard resistance tolerance is +5%. 
Special resistance values and tolerances are available 
on request. The antirotation pin, shaft and hardware 
are of 303 stainless steel. 

The 50-M48 will meet or exceed the following en- 





“a JAMES, POND & CLARK, INC. 


® 2181 East Foothill Boulevard « Pasadena, California 
precision valves 
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for millions of 


precision motions... 


THE WORLD 
TURNS TO 
DYNACO 


If you're looking for proto- 
type precision in quantity pro- 
duction with immediate de- 
livery schedules, you just can't 
beat DYNACO Precision Stock 
Gears and Assemblies, engi- 
neered to answer every con- 
ceivable transmission require- 
ment. 

More than 50,000 different 
off-the-shelf gears and compo- 
nents are listed in Dynamic’s 
Catalog F-128. Send for your 
copy today. 


Dynaco GEARS 


@ product of 


DYNAMIC GEAR COMPANY, Inc. 


175 Dixon Avenue ¢ Amityville, Long Island, N. Y. 
Telephone: AMityville 4-4788 ° 


Teletype: Amityville, N. Y. 640-U 


Western Division: 8912 Sepulveda Bivd., Van Nuys, California 
P.O. Box 4156 © Telephone: EMpire 2-3125 ¢ Teletype: SNFD-4436 


Ais 
AA 77 
~~ F 











CIRCLE 27 ON READER-SERVICE CARD 


vironmental specifications: 


. Temperature coefficient: +.005%/degree C. 
. Power Dissipation: 1 watt at 125°C for 1500 
hours. 
. Temperature range: —55° to 200°C per MIL- 
STD-202 Method 102. 
. Dielectric strength: 1000 vac for one minute. 
. Moisture: MIL-STD-202, Method 106A. 
. Vibration range: 10 to 2000 cps per MIL-STD- 
202 Method 204. 
. Shock: 50G, MIL-STD-202, Method 203. 
. Stop torque strength: 6 lb-in. 
. Rotational life: 1500 cycles. 
10. Salt spray: MIL-STD-202A, Method 101. 
(From 48-page catalog, Precision Wirewound Po- 
tentiometers, Maurey Instrument Corp., 7917 So. Ex- 
change Ave., Chicago 17, Ill.) 
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BOOK REVIEW 


DATA BOOK—THERMISTORS AND VARIS- 
TORS, Victory Engineering Corp., Springfield Road, 
Union, N. J. (1959) 39 p., 54%” x 814”, $1.00. Theory 
and application data on Thermistors and Varistors 
manufactured by Victory Engineering under Bell Tele- 
phone Lab. and Western Electric Co. licenses. 
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FIG. 1. SHUNT DIODE switch schematic. 


Solid State Control of Microwaves 


DR. RICHARD W. DAMON 


Microwave Associates, Inc., Burlington, Mass. 


M OST publicity attending advances in solid state 
electronics has emphasized the transistor. Not so 
glamorous, perhaps, the semiconductor junction diode 
has found great utility as a power rectifier and as a 
fast switch for computer applications, and the impor- 
tance of point contact diodes for microwave detection 
is also well recognized. More recently, it has been 
found that semiconductor diodes also are extremely 
useful for the control of microwave energy and permit 
the construction of novel types of switches, phase shift- 
ers, duplexers, and other microwave components. 
These components provide the reliability of solid state 
devices required in today’s complex electronic systems; 
they have the speed of operation necessary for high 
transmission rate communication systems; they are 
light and compact for airborne and missile applica- 
tions. 

Typical performance capabilities of available solid 
state devices are as follows: 


1. Switches: Switches having bandwidths of from 
5% to over an octave have been constructed with power 
handling capability of 150-watts peak and several 
watts CW. Frequency of operation of these switches 
is from 100 mc to 12,000 mc, and the switches have 
been constructed in both coaxial line and waveguide. 
Special switches have been constructed which can 
handle up to 10 kw peak power. 


2. Limiters: Power limiters have been constructed 
with bandwidths of from 5% to 30% having power 
capability of 5 kw peak, and 30 watts CW. Output 
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power is limited to safe levels for detector crystals. 
Frequency of operation of these devices has been 
from 100 to 3000 mc. 


3. Duplexers: Duplexers having bandwidths of 
from 5% to 20% with power handling capabilities 
of 10 kw peak and 30 watts CW have been built. 
Frequency of operation of these devices is from 
200 to 1500 mc. 


When a diode is inserted in series or in shunt 
with a transmission line, RF power incident on the 
diode is reflected by, absorbed in, or transmitted 
past the diode. As an example, consider a switch 
which utilizes a variable reactance type diode (var- 
actor)' in shunt with a coaxial line. As shown in 
Fig. 1, if the diode exhibits high impedance it has 
little effect on the power transmitted to the load. 
For an impedance, Z, the insertion loss (I.L.) ob- 
tained with the generator and the load matched to 
the characteristic impedance of the line is 


2 
LL. =1 + 4G 


Note’ 

A varactor diode is a p-n junction diode in which the de- 
pletion layer is the dielectric of the capicator. Since the 
thickness of the depletion layer depends on the voltage 
applied to the junction, its capacitance is readily con- 
trolled. Ideally the internal resistance of the varactor (in 
series with the capacitor) must be as low as possible, the 
forward and reverse conduction must be small in the volt- 
age range used, and the capacitance must change with 
negligible delay. 




















CAPACITANCE ARBITRARY UNITS 
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FIG. 2. DIODE VARACTOR Capacitance vs Bias 
Voltage. Typical diode varactor is shown in the inset 
in enlarged view and with actual units compared with 
postage stamp. 
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FIG. 3. SPST S-BAND Diode Switch Characteristics, 


Isolation and Insertion Loss (db) vs Frequency. 
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FIG. 4. HIGH SPEED All-Solid-State Coaxial Switch 
MA-3464 is typical of new medium power microwave 
switches to be exhibited at WESCON. 
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ASHCROFT MAXITEST® 
MASTER REFERENCE GAUGE 


ASHCROFT LABORATORY 
TEST GAUGE 


ee 


ASHCROFT MAXISAFE® ASHCROFT PNEUMATIC 


DURAGAUGE TRANSMITTER 


PRESSURE GAUGES 


that meet the specs of any 
aerospace project 


Ashcroft Pressure Gauges and Pneumatic Transmitters were 
the first to be accepted for LOX and other liquid oxidizer 
applications. They are manufactured in strict compliance 
with exacting specs for cleanliness. Whether for jet or mis- 
sile test stand, control center, ground support equipment, 
laboratory, or any other service, Ashcroft Gauges are tai- 
lored to provide the sustained high accuracy and reliability 
that are indispensable in military and scientific projects. 
Ashcroft Gauges were first made for industry in 1850 and 
have since seen service on land, sea, and in the air. Today 
Ashcroft pressure indicating instruments include every type 
from master reference gauges and pocket test gauges to ser- 
vice gauges, pneumatic transmitters, and deadweight gauge 
testers. Dial sizes range from 2” through 24” and pressures 
from 30” vacuum or a few ounces to 100,000 psi. Also avail- 
able are 7 Bourdon tube materials, temperature compensated 
as required, and rotary geared movements in stainless steel 
or stainless steel with nylon bearings and 
pinion gear. 

Get complete information about Ashcroft 
Pressure Gauges, Transmitters, and acces- 
sories for your aerospace projects. Write 
for Catalog 300 B. 


ASHCROFT PRESSURE GAUGES 


A product of 
MANNING, MAXWELL & MOORE, INC. 


Gauge and Instrument Division + Stratford, Connecticut 
Canada: Manning, Maxwell & Moore of Canada, Ltd., 
Galt, Ontario 
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COAXIAL LINE VARACTOR 
LIMITER CHARACTERISTIC 
FREQUENCY 1000 Mc 





OUTPUT POWER (MILLIWATTS) 




















10 
INPUT POWER (MILLIWATTS) 


FIG. 5. COAXIAL LINE Varactor Limited Character- 
istic Frequency 1000 mc. 


The switching properties of the network can be 
evaluated by inserting into Equation (1) the ap- 
propriate impedance values for the diode network 
in both the “on” and “off” conditions. A typical diode 
capacitance-voltage characteristic is shown in Fig. 2. 
Under forward bias conditions, the diode exhibits 
a large capacitance and resulting low reactance; thus 
most of the power is reflected because the diode im- 
pendance is much less than the load impedance. Under 
reverse bias conditions, the diode exhibits a small 
capacitance, or a high reactive impedance, allowing 
the power to be transmitted to the load with small 
loss. 

Fig. 3 shows the performance characteristics of a 
typical broadband switch for a device operating at 
S-band. Within the range of operation of the diode 
switches, they offer significant advantages over other 
devices. Most striking is the switching speed, which 
is on the order of nanoseconds. These switches are 
characterized by very small size and light weight, 
and the driving power to obtain switching action is 
only tens of milliwatts (Fig. 4). Thus, multiple- 
throw switches requiring relatively modest switch- 
ing power and with light weight and small size 
become feasible. 

The varactor diode exhibits a change in impe- 
dance in response to an applied RF voltage, in addi- 
tion to the dependance on applied DC voltage. Thus, 
the diode impedance changes as a function of RF 
power level. By placing such a diode in shunt across 
a transmission line, a limiter can be constructed hav- 
ing characteristics as shown in Fig. 5. At low power 
levels, the varactor reactance is tuned with a shunt 
inductance and presents a very high impedance 
across the line; thus, the insertion loss is very small. 
At power levels above a few milliwatts the diode 
capacitance increases (decreasing the shunt impe- 
dance) and the insertion loss increases with increas- 
ing power. This maintains the power output essen- 
tially constant. This simple limiter is of great value 
as a receiver protector. 

The varactor power limiter, similar to the semi- 
conductor switch, operates by reflecting the incident 
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FIG. 6. SOLID-STATE DIODE Duplexer MA-3475. 


Schematic diagram is shown above. 


power. This makes possible the construction of a 
complete solid state duplexer by utilizing a circuit 
such as that shown in Fig. 6a. At high power levels, 
the varactor diode reflects the transmitter power and 
the output emerges from the antenna terminals. The 
low power received by the antenna passes through 
the shunt diodes with low loss and emerges at the 
receiver terminals. 

This technique permits the construction of com- 
pletely solid state duplexers of very light weight and 
fast response. 

The devices described here are only representa- 
tive of the many new components which can be 
constructed with the help of new semiconductor tech- 
nology. These devices have already found an im- 
portant place in electronic systems as substitutes or 
replacements for mechanical switches and gas devices. 
In some cases, equivalent performance could not be 
obtained with previously existing devices. Many will 
be on display at the Microwave Associates booth 
at Wescon 61. 
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REACTIVE COMPONENTS 


will undergo special scrutiny in the 
editorial pages of the September- 
October issue of MSD. Ad closing 
date for this special-emphasis issue 
—October 1. 
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Bolometer Mount Calibration 


Bolometers used in Microwave power measurements 
fall into two categories, thermistors and barretters. Bar- 
retters have a positive temperature coefficient of resistance, 
a short thermal time constant (typically 120 microsec- 
onds) and can tolerate only moderate overloads. Ther- 
mistors on the other hand exhibit a negative temperature 
coefficient of resistance, a long thermal time constant 
(in the order of 0.1 second) and are much more tolerant 


ALIBRATED 
MOUNT-COUPLER 
COMBINATION 


MOUNT TO BE 

-ALIBRATED 

of overloads than are barretters. Because of their longer 
time constant, thermistors are more suitable for the 
measurement of the average value of pulse power. This 
feature coupled with this greater tolerance for overload 
make them the preferred type for RF power measure- 
ments in most applications. Barretters are used as pre- 
cise square law detectors and in sensitive measurements 
at low power. 

The errors associated with the bolometer and its mount 
are usually lumped together and expressed as a calibra- 
tion factor. The bolometer mount is often attached to the 
side arm of a directional coupler with a coupling of 3 
db, and the calibration factor determined for the com- 
bination in which case it is defined as the ratio of the 
de substituted power in the bolometer to the RF power 
incident on a non-reflecting termination attached to the 
main arm of the directional coupler (see Figure). Power 
Bridge +1 is used to measure the substituted power 
in the bolometer mount on the directional coupler 
side arm. Application of the known calibration factor 
then gives the RF power incident on the mount to be 
calibrated. The ratio of the de substituted power in this 
bolometer to the RF power incident on the mount is 


then the calibration factor of the mount being calibrated. | 


Where possible, the mount-coupler combination should 
be calibrated at the National Bureau of Standards so 
that the calibration factor is known to the highest possible 
accuracy. The accuracy given by the National Bureau 
of Standards for this calibration in X-band is +1% 
at the present time. Since the National Bureau of Stand- 
ards does not offer this service at all frequencies, Wein- 
schel Engineering has established a limited service to 
supplement that of the National Bureau of Standards in 
50 ohm coaxial line (“N” connector) between 100 and 
1500 megacycles. An accuracy of 2% is given for these 
calibrations at the present time.—(From 12-page bulletin, 
“R.F. Power Bridges and Thermistor Mounts”, W einschel 
Engineering, Kensington, Md.) 
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SHOWN ACTUAL SIZE 


KEARFOTT 
SIZE 9 
COMPONENTS 


FOR SERVO SYSTEM MINIATURIZATION 


A complete family of Size 5 components for every servo system function is now available from Kearfott. 
This series offers the system designer complete latitude in miniaturization of his second-generation 
systems, with the performance and reliability heretofore found only in much larger units. 


Stainless steel housings, shafts and bearings protect the units against environmental extremes and con- 
tribute to stability under shock, vibration, and temperature fluctuations. + Standard 26-v, 400 cps 
excitation. » Synchro and resolver accuracy +10 min. * Operating temperature range —55° to + 125°C. 
Computer-designed for optimum performance. 


CHARACTERISTICS 


SYNCHROS VOLTAGE CURRENT IMPEDANCE TOTALRMS ERROR 
1 ms (400 cps) (amps) INPUT OUTPUT TR. NULL (mv) (min) 
ransmitter 


CJO 0565 100 26 045 576 /74.7 94.2 /71.4 454 50 10 
Control Transformer 

Low Z-CJO 0555 100 11.8 d 280 /70° 1050 /72° 1.765 50 10 

High 2-CJO 0555 900 118 ; 630 /74° 2440 /74° 1.765 50 10 
Differential 

CJO 0595 100 11.8 ’ 280 /74° 350/69 1.154 50 10 


Resolver 
Low Z-CJO 0585 100 26 d 537 /64.7 677 /74 1.0 50 10 
High Z-CJO 0589 100 26 F 1795 /68.1 2210/76 1.0 50 10 
Weight: 0.90 oz; Length: 1.250 in. 





SERVO MOTORS MOTOR GENERATORS 
lit oh ae MOTOR C/40812001 00812650 
o-Load Spee rpm rpm Vol . - 
Stall Torque 0.12 in. 0z 0.12 in. oz font fo oe My “ ey . 
Rotor Moment of Inertia. 0.175 gmecm? 0.175 gm cm? No-Load Speed 8000 rpm 8000 rpm 
Voltage g1 /g2 (400 cps) 26 /36-CT 26 /26 Stall Torque 12 in. oz 12 in. oz 
seg Input /Phase 1.7w 1.7w GENERATOR 
u 


Il 
continuous at sta Voltage (400 cps) me 
Sw 





Power 

Volts /1000 RPM O.lv 

Null 13 mv 
CJO 0172 200 Weight: 1.05 oz; Length: 1.507 in. 

Pull-in Torque 0.06 in. oz 


SYNCHRONOUS MOTOR 





Pull-Out Torque 0.10 in. oz 
Pull-Out Power 4w 
Length 1.24 in. 


GEARHEADS, BRAKES, CLUTCHES 


Size 5 gearheads range in reduction ratios from 20:1 to 
1019:1 for servomotors and motor tachometers above. In addi- 
tion, Size 6 clutches, brakes, and brake-clutches are available 


>>) GENERAL PRECISION. INC. 
Other Divisions: GPL, Librascope, Link 
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Write for complete data 


KEARFOTT DIVISION 


Little Falls, New Jersey 





High Speed ¢ High Resolution 
High Sensitivity Spectrum Analysis 


with Kay spar. 


SPECTRUM ANALYZER 


Raytheon Rayspan Spectrum Analyzers, through a 
unique application of multiple filters, can analyze 
entire spectrums as wide as 33 ke at scanning rates 
as high as 200 times per second with excellent reso- 
lution and a dynamic range of 40 db. Frequencies as 
low as 8 cps can be identified. Resolution for two 
equal-amplitude signals is approximately 0.7% or 
3% of the analysis band depending on the Rayspan 
model employed. 

Any model can be adapted for use with high speed, 
helix recorders to provide permanent records of 
frequency versus real time. A built-in timing pulse 
generator allows scan-by-scan synchronization of 
Rayspan with an oscilloscope. 

For complete technical data please write to: Raytheon, 
Industrial Components Di- 
vision, 55 Chapel Street, 
Newton 58, Massachusetts. 


RAYTHEON COMPANY 


INDUSTRIAL COMPONENTS DIVISION 
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AcTUAL SIZE 


FIG. 1. MINIATURE Resistor is distinguished for its 
high reliability and for being the smallest glass-encap- 
sulated Mil-Spec unit in production. 
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glass sleeve 
fused glass seal 
gold-plated .020 dia. leads 





MINUTEMAN Sparks New Orders of 


Miniature Resistor Reliability 


MINIATURE RESISTORS which are fault-free 
to a degree of reliability several orders higher than 
any other known “high reliability” resistor, are a re- 
sult of the Air Force’s MINUTEMAN Missile pro- 
gram. A new high-reliability fixed metal. film resistor 

| has been developed by the International Resistance 
| Company of Philadelphia, Pa., under research, test- 
| ing and production contracts totalling nearly $2.5 
million. IRC is a sub-contractor to Autonetics Div. of 
North American Aviation, prime contractor for the 
Minuteman guidance program. 
The Air Force demanded that resistors for MIN- 
| UTEMAN must function so faultlessly that a failure 
would be permitted only once in 250 million unit hours 
of operation. Resistors meeting these and other strin- 
gent specifications are now in full production and 
are available for use in other military applications. 
International Resistance Company officials predict 
that the new resistors will influence the standards 
of the entire electronics industry. 

The new component is an evaporated metal film 
type resistor (Fig. 1) of completely inorganic con- 

| struction, hermetically sealed in glass (0.155” di- 
| ameter x 0.281” long), and rated at %th watt at 
125° C continuous operation, derating to zero at 
165° C. Some idea of the difficulties in quality con- 
trol of the manufacture of so small and vital a 
component is gained from Fig. 2, in which a com- 
pleted resistor is held by a control laboratory worker 
preparatory to closer scrutiny under the binocular 
microscope. Advanced methods of film deposition 
(Fig. 3) carefully control the purity of materials 
as well as the temperature, potentials and atmos- 
| phere at which deposition is made. 

| No effort is spared to control and document all 
factors affecting the reliability objective. This goal, 
equal to a failure rate of 0.0004%/1,000 hrs, will be 
supported by tests of 4,000 hours each on 65,000 
units, a total of 260 million unit test hours. 

Advanced manufacturing techniques such as dust- 
free ultra-clean rooms, where humidity and tempera- 


FIG. 2. QUALITY CONTROL of new resistor requires 


special tests, automatic equipment. 
FIG. 3. ADVANCED Film Deposition techniques 


carried on in "Clean Room" environment are used to 
carefully control metal resistive film. 
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SERVE 


THE 
ROCKET 
AND 
MISSILE 
INDUSTRY 


Whatever your uptical needs 
Tracking Reconnaissance 
Plotting Photo Interpretation 
Mapping the uniformly 
high quality of GOERZ lenses 
is your quarantee tor reliable 


performance 


® PLANIGON ®& AEROTAR 
© HYPERGON ® XENOTAR 
© AEROGOR 


Let us know your requirements 


FIG. 4. PERSONAL HISTORY of each unit is docu 
mented to provide clues to further “improve the 
breed." Raw materials, process variables, etc., are 
made available in IBM card data file form for study 
by other contractors and services. 


ture are carefully controlled, have been adopted. 
Fabrication workers and production test personnel 
wear face masks and special lint-free clothing in 
many critical areas. 

Also unique in the project is that each unit de- 
livered by IRC has its personal history attached 
(Fig. 4). Complete records on all raw materials and 
process characteristics are maintained and individual 
IBM cards, recording detailed test results for each 
resistor are made available. Because of this complete 
documentation, the IRC project is expected to de- 
termine new specifications as to what factors are 
important in the making of a good resistor—knowl- 
edge which will benefit the entire industry and ad- 


vance the reliability of microcircuits, in which re- 
sistive elements are deposited as an integral part 
of a sophisticated functional component. 


Characteristics of the IRC “High Reliability" 
Resistor 

The resistors are being produced in the 25, 50 
and 100 ppm/° C temperature coefficient classes. 
They meet all Air Force requirements with charac- 
teristic performance well within the limits pre- 
scribed in that specification, including those in the 
following table. 
Quality Test Parameter Test Limits Within 
1%, of nominal 


AR not to exceed +0.2% 
+0.05 ohm 
AR not over +0.2% +0.05 cfm 
AR not over 0.2% +0.05 ohm 
AR not over 0.2% +0.05 ohm 
AR not over 0.2% + 0.05 ohm 
not less than 10,000 megohms 
AR not over 0.1% +-0.05 ohm 
AR [initial to final) not over 
+0.5% — 0.05 ohm with in- 
sulation resistance 100 meg- 
ohms min. 


Load Life AR (between initial and any suc- 


Resistance Tolerance 
Temperature Cycling 


Los Temperature Operation 
Short Time Overload 
Terminal Strength 
Dielectric Voltage Test 
Insulation Resistance 

Effect of Soldering 


Moisture Resistance 


SPECIAL PURPOSE 
PRECISION BEARINGS 
FROM KEARFOTT 


Highest quality, special purpose precision bearings are now 
available from Kearfott Division, General. Precision, Inc. for 
military and industrial applications requiring utmost reliability, 
accuracy and stable performance. Over 10 years of research, 
testing and development have gone into the production of these 
outstandingly reliable, precision bearings. 


Designed to meet the most exacting systems standards, these 
special purpose precision bearings have more than passed the 
test of time, delivering long life performance for Kearfott gyros, 
instruments and other critical airborne equipment. Engineering 
and technical excellence derived from long experience enables 
Kearfott to ensure delivery of bearings that provide unsurpassed 
qualities of roundness, concentricity, curvatures, finish, dimen- 
sions and functional tolerance. 


Special purpose, high precision bearings from 0.3125 to 4.5 
inches 0.D. are now ready for production delivery in a wide 
range of application types including— 


@ SEPARABLE TYPE BEARINGS for gyro spin axes 
@ STABLE PLATFORM GIMBALS 
@ GYRO PRECESSION AXES 


@ OTHER SPECIALIZED, HIGH PRECISION 
bearing applications 


Write for complete data 


KEARFOTT DIVISION 


GENERAL PRECISION. INC. 


ceeding measurement) not 


over +0.5% +0.05 ohm 
Acceleration AR not over +0.2% +0.05 ohm 
High Frequency Vibration AR not over +0.2% +0.05 ohm 


High Temperature Exposure AR not over 0.2% +0.05 ohm 
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did it better! 


iy BIBLICAL TIMES Joshua made time stand still 
for a whole day during the battle of Gibeon ... 
and he was working to MIL specs too! 


Today, Sickles can only delay time for a given 
instant but, considering our modern complexities of 
rise time, impedances, attenuation, stability, econ- 
omy, and a dozen other worries, an accurate, mea- 
sured delay of time is quite an accomplishment! 


Sickles makes delay lines for a multitude of mod- 
ern-day applications, including Color TV, Radar, 
Computers, Encoders, Decoders, Servo-analysers, 


Sonar devices, Geophysical explorers . . . quantities 


vary from the mass-produced items in the thousands 
to those quantities that can be counted on one hand. 
Each delay line, regardless of the quantity, receives 
the same attention and engineering skill. 


Let us solve your delay line problems involving: 


V DESIGN 
V PRICE 
V QUALITY 
V SERVICE 
DELAY LINES by 


GENERAL INSTRUMENT 


CORPORATION 


C3. |F. W. SICKLES 


“LIDIVISION 














World’s Largest Mass Producer of DELAY LINES 


165 FRONT STREET (P.O. Box 330) 
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LY¥ceum 4-4781 


Other Plants at Joliet, Illinois and Waterloo, Ontario, Canada 
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EPITAXIAL LAYER consisting 
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collector resistence \ 


DIFFUSED BASE LAYER 


FIG. 1. CROSSECTION representation of Epitaxial 


Planar Transistor. 


COLLECTOR soldered to HEADER 


What is Epitaxial? 


PITAXIAL” is the latest catchword to enter the 

vocabulary of the semiconductor industry. Con- 
siderable confusion has been generated concerning 
the meaning of the word and the significance of the 
development. The advantages introduced by this new 
technology have not been clearly stated, and its re- 
lationship to existing transistor structures has been 
particularly obscure. 

One gets little help from the dictionary in clear- 
ing up the confusion. One authority! defines the word 
epitaxy as follows: “Oriented intergrowth between 
two solid phases. The surface of one crystal pro- 
vides, through its lattice structure, preferred posi- 
tions for the deposition of the second crystal.” 

Unfortunately, an epitaxial transistor is made com- 
pletely without the oriented intergrowth of two solid 
phases. Instead for epitaxial transistors a step is in- 
cluded wherein a thin layer of semiconductor ma- 
terial is grown on a relatively thick slab of the same 
material by means of a chemical reaction. While tech- 
nically this is not epitaxy, since the same solid phase 
is involved, the term has been well established with 
respect to the resulting structure. 


‘International Dictionary of Physics and Electronics (D. 
Van Nostrand Co., Inc., 1956). 


The Author 


DR. GORDON E., 
MOORE, Director of Re- 
search & Development, Fair- 
child Semiconductor Cor- 
poration, has been with that 
firm since its formation in 
1957. Previously with the re- 
search staff of Shockley 
Semiconductor Laboratory 
and in basic molecular re- 
search with the Applied 
Physics Laboratory, John 
Hopkins University; he holds 
a PhD degree in chemistry 
and physics from the California Institute of Technology. 


| 





EPITAXIAL) 


a 


PLANAR 


~4. 
| kT 




















TOR CURRENT - mA 


FIG. 2. Vec(sat) and H¢e vs |. characteristics of Epitaxial 
Planar Transistor 2N914 are compared with correspond- 
ing curves for the standard Planar 2N708. 


Improvement In Planar Transistor 
Characteristics Though Epitaxial Techniques 
(25°C unless otherwise noted) 

V (Sat) V (Sat) Charge Storage 
at®’? lee 10 ma at®* |.- 200 ma Time Constant 7; 
2N914 


Planar 
Epitaxial 


0.4v. 20 n-sec. 


0.25v. 
(—55° to 125°C) 
2N708 no 


Standard 0.4v. 
Planar 


operation 25 n-sec. 

The slab of semiconductor with the added “epi- 
taxial” layer is then processed by exactly the same 
diffusion processes as are used in making conven- 
tional mesa or planar transistors to yield epitaxial 
transistors. The fact that only the step of deposition 
of the initial layer is added to the standard process 
has resulted in these devices entering production much 
more rapidly than has been the rule with other de- 
velopments in this field. Depending upon the par- 
ticular process employed, the resulting devices are 
more completely described as mesa epitaxial or pla- 
nar epitaxial transistors. The two adjectives describe 
completely independent attributes. Epitaxial does not 
supplant mesa or planar, it supplements them. For 
example, the performance advantages contributed by 
the epitaxial process are added to the planar ad- 
vantages of highest reliability, low leakage currents, 
low noise and low current operation in the planar 
epitaxial structure. 
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tributed by the “extra” material in a conventional 
transistor. In a conventional diffused structure, either 
mesa or planar, the active portions of the transistor 
are contained in a layer no more than a few ten- 
thousandths of an inch thick on the top surface. The 
actual piece of semiconductor material is usually 
several thousandths of an inch thick, since handling 
of structures much thinner is very difficult. When 
this entire thickness of several thousandths of an 
inch is all cut from one large crystal, it has, of neces- 
sity, about the same purity and electrical conduc- 
tivity throughout. This purity is adjusted to that neces- 
sary to yield the correct characteristics in the very 
thin, diffused structure to be made on the top sur- 
face. The “excess” material in this case has relatively 
little impurity and hence adds an appreciable re- 
sistance in the collector of the transistor. It also 
stores electrical charges to slow down switching 
speeds. 

In the epitaxial case (Fig. 1), the “excess” ma- 
terial only is cut from the original crystal. It is doped 
to have very high electrical conductivity. This slab 
is then placed in a vessel at high temperature and 
subjected to an atmosphere of hydrogen and a gase- 
ous compound, usually a chloride, of the semicon- 
ductor in question. The correct amount of dope is 
added to the gas stream. The hydrogen reduces the 
compound, depositing lightly-doped semi-conductor 
material (of the same conductivity type as the sub- 
strate, either N or P). This layer is grown until it 
is just thick enough for the desired transistor struc- 
ture. In this case, the extra material does not con- 
tribute measureable resistance. Because it is so im- 
pure, charge storage is also greatly reduced. These 
effects result in considerable improvement in the 
electrical characteristics. Because of the lower re- 
sistance more current can be passed through the 
same size device and low charge-storage times and 
low saturation resistances are obtained. 

The significance of the improvements can best be 
pointed out by comparing an epitaxial device with 
its standard transistor counterpart. At Fairchild 
Semiconductor, for instance, the planar epitaxial 
2N914 transistor is essentially the firm’s epitaxial 
version of its standard planar 2N708 transistor. While 
most of the electrical characteristics of the two de- 
vices are identical, the advantage of the epitaxial 
device becomes apparent when the collector satura- 
tion voltages and temperature ranges of the devices 
are compared. The 2N708 planar has a Vox (sat) 
of 0.4 volts maximum at 25° C with a collector cur- 
rent of 10 ma, base current 1.0 ma. Under the same 
conditions of collector and base current, but over 
a wide temperature range of —55° C to + 125° C, 
the planar epitaxial 2N914 has a Vox (sat) of only 
0.25 volts maximum. In addition to this, the planar 
epitaxial device shows a typical collector saturation 
of 0.4 volts when operated at a collector current of 
200 ma. The standard 2N708 device will not op- 
erate at that current. The charge storage time con- 
stant +r, is also reduced 20% in the 2N914 from 
25 to 20 ns. At some penalty in Vor (sat) the 
charge storage time constant can be reduced still 
further on the epitaxial unit. 

Thus, the advantages of the epitaxial structure 
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are those of decreased collector saturation voltage, 
especially at high current levels, decreased charge 
storage, and decreased temperature dependence of 
collector saturation voltage. When these advantages 
are coupled with the low leakage, high current gain 
over a broad current range and inherent reliability 
of the planar structure in the planar epitaxial transis- 
tor, the resultant device is extremely reliable and 
useful over a broad range of current levels and en- 
vironments. 
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Small Coaxial Attenuators 


A new series of small coaxial attenuators meeting 
MIL-Specs, developed for decreasing standing wave 
ratio of coaxial systems, are also proving very suitable 
for decreasing signal amplitude for frequencies up to 
5000 megacycles. The resistive elements, arranged in a 


per 


“T” network, are specially made with carbon film to 
maintain constant attenuation from de up to 5 kme. 
They are a development of the Ad-Yu Electronics Lab., 
Inc., 249-259 Terhune Ave., Passiac, N. Y. 

Specifications of the new attenuators include: 

Maximum VSWR is 1.02 to 1.1 from de to 1 kme; 
1.1 to 1.2 from 1 to 3 kme; and 1.2 to 1.3 from 3 to 5 
kme. Maximum power and dissipation is 1 watt continu- 
ous or 1 kilowatt instantaneous peak signal. Input and 
output impedance are both 50 ohms and the temperature 
coefficient is less than 0.0005 db/°C. In the frequency 
range from de to 3 kmc, accuracy of attenuators below 
3 db is +0.1 db: from 3 to 20 db, +0.2 db; and for 
units above 20 db, +0.5 db. Accuracy limits for the same 
units in the range from 3 to 5 kmce are slightly higher. 

Standard coaxial attenuators are stocked at integral db 
values from 1 to 6, plus 8, 10, 15 and 20 db. Other values 
from 0.1 db to 60 db in steps of 0.1 db are available 
on request. Length of each coaxial attenuator including 
connectors, is only 2” + 1/64”. 

Although connectors for standard units are furnished 
in Type C female on one end and Type C male on the 
other; Types N and BNC, male or female on either or 
both ends, can be supplied on request. 
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a* TRAFFIC CONTROLLERS use scopes to “see” 
planes. In congested areas several radar sys- 
tems may be operating and the scope can get clut- 
tered. The “defruiter” eliminates unwanted “fruit” 
or signal pulses from other and interfering radar 
systems. The result is that the screen shows the 
operator only those pips he is controlling. 


We, at F. W. SICKLES, are interested because to 
guarantee exact timing of the pulses that accom- 
plish this, delay lines are used and we make these 
delay lines. 


We’re involved, too, in the equipment in the plane 
that answers the radar pulse and identifies itself. 
Here, the delay lines are the heart of the encoder. 
We make them, too. 

Defruiters, encoders, servo-analysers, decoders, 
radar, computers, color TV, geophysical explorers, 
sonars — we make delay lines for all of them. The 
quantities sometimes are counted on one hand, some- 


times in the thousands. We welcome and manu- 


facture both types and they’re equally important 
to us. 


Let us solve your delay line problems involving: 


V DESIGN 
V PRICE 
V QUALITY 
V SERVICE 


DELAY LINES by 


GENERAL INSTRUMENT 


CORPORATION 


F. W. SICKLES 


DIVISION 
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+500°F »-100°F 
in SIX minutes 


Ma wer _ im 


DELTA [eaen 
TEMPERATURE 
CHAMBER MODEL 1060F 


Rapid temperature cycling without sacrificing precise con- 
trol (+ %° F) is achieved with the Delta 1060F tempera- 
ture chamber. 

This convenient bench model can make the complete cycle 
between —100° F and +500° F in less than twelve 
minutes. 

An auxiliary timer Delta MR-1 is available for use in test 
work where automatic cycling is desired. 

For further information on the 1060F and other Delta 
temperature chambers, contact your local Delta represen- 
tative or write 


@) 4 a ee ©) 8 1 CI ATwater 33-3193 
TWX: SD 6488U 


Cable: DELTA 


3163 Adams Ave. 





DURANT 


*s, Electric Counters 


COMPLETE LINE for HIGH SPEED, 
ACCURATE ELECTRIC COUNTING 


There’s a DURANT electrically-actuated 
COUNTER designed just for your needs. 
Dependable, easy to read, easy to in- 
stall on individual production equip- 
ment, or as original equipment on your 
new product. Get accurate counts at 
high, low, or intermediate speeds. 

Durant Counters will give trouble-free 
service for many years, even under the 
most severe operating conditions. 


PANEL MOUNT 


MODEL “YE” 
Instant Reset 
1500 CPM 


Mounting plate 
with knurled reset 
knob or tumbler 
lock reset — can 
be setin panel 
from front. Ideal 
for remote control. 


4-FIGURE “Y"’ 
AC: 600 CPM 
DC: 800 CPM 


Model SP-MF PREDETERMINED. May be pre-set to 
any number; when desired figure reached, 
an electric signal stops a machine — a 
light, or sets off an alarm. 600 C 


Send for CATALOG 55 


on ACTURING> COMPANY 


1949 N. Buffum Street * 


49 Thurbers Avenue 
Milwaukee 1, Wisconsin 


Providence 5, R. 1. 
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San Diego 16, Calif. 


New Muttin Fan 
is Product 


of New Factory 


INTENSIFIED SPECIALIZATION in the art 
of electronic equipment cooling, at a time when 
most manufacturing concerns are seeking to di- 
versify their base of operations—is in itself un- 
usual. This is only one of the unusual aspects of 
the Rotron Manufacturing Company, Inc., opera- 
tions which were displayed in a recent open house 
at their new plant just outside Woodstock, N. Y. 

Located a two-hour drive north of Manhattan 
Island in the pine-clad Catskill foothills, the new 
facilities include complete acoustic, chemical and 
electrical laboratories, machine shop, sheet metal 
shop, centrifugal casting, plastic molding, welding, 
painting and finishing winding and impugnation, 
inspection and testing. Assembly of many of the 
fans are carried out at a separate facility about 
four miles distant. 

The Rotron Manufacturing Company began 
about 14 years ago in the application of known 
aerodynamic principles which were then not being 
applied in the cooling of electronic equipment. 
The new Gold Seal Muffin Fan, put on display 
1 June, is the logical development of these ideas. 
This version of the 100 cfm Rotron Muffin fan, first 
announced two years ago, is only 1-1/2” deep and 
4-11/16” square, has retained the basic wound “in- 
ternal” stator with its fan and “external” rotor cast 
in one integral unit. 

The “Gold Seal” version provides an improved 
bearing system for longer life, extra high impact- 
strength plastic case and very quiet aerodynamic 
grille design. It is available in four versions (Fig. 
1) as (1) a skeleton fan for mounting in the cus- 
tomer’s enclosure, (2) as a Venturi fan for mount- 
ing in a round or square equipment panel, (3) as 
a grille fan or (4) as a matched fan and filter 
package. Performance of the Gold Seal Muffin fan 
in its various configurations is shown by the Vol- 
ume vs Pressure graphs in Fig. 2. Quiet operation 
of the new design is shown by the sound spectrum 
(Fig. 3) which falls below the ambient noise level 
average for engineering drafting rooms. 





FIG. 1. GOLD SEAL Muffin Fan is available in four 
standard versions: (a) Skeleton, (b) Venturi, (c) Grille 
and (d) Filter configurations. The complete cooling- 
filter package (d) extends only 2 13/64’ behind 
the front surface of the panel in which the fan is 
mounted. 


All phases of the manufacturing operation are 
under the development and engineering control 
of the Rotron plant, including the formulation of 
plastics and other materials purchased from other 
suppliers. Complete testing and inspection facilities 
exist for both acceptance testing, quality control 
of production and for life and Mil-Spec testing of 
finished products. 

Advanced production methods used in manufac- 
ture of the Gold Seal fan include insulation of the 
stator and rotor laminated cores with baked epoxy 
insulations. Epoxy encapsulation as well as im- 
pregnation techniques are being used in stator 
windings. 

A high order of morale was evident in the atti- 
tude of the craftsmen as well as that of the engi- 
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FIG. 2. VOLUME vs Pressure Curves for the Gold 
Seal Muffin Fan configurations (b) to (d) as shown 
in Fig. | 
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once a year. Evidently Western Electric has faith 
that the test will turn out satisfactorily, as they 
have accepted delivery of fans without waiting for 
conclusion of the test! 

Products of the Rotron plant have totalled over 
620 versions to date. These range from 2” diameter 
fans rated at .005 hp to their “giant” 4 hp 400 cps 
blowers. A sample motor of each separate variation 
is maintained in the Rotron Fan-blower museum. 
Many of these fans were engineered to meet speci- 
fic customer demands. The samples are invaluable 
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OCTAVE BAND — CYCLES PER SECOND 

FIG. 3. QUIET OPERATION of the Gold Seal Fan 
is shown in sound level spectrum (dotted line) taken 
only 3 ft from the fan. Solid line shows average 
ambient noise spectrum for engineering-drafting 
room spaces. 


neering staff. One young molder, demonstrating 
the method of centrifugal casting by which the 
Muffin-fan blades and armature-winding assembly 
are cast as a single unit, remarked, “Our shop is the 
only place in the U. S. that can turn out that type 
of casting within .003” concentricity.” Then, “If 
that sounds like I'm bragging, I am!” he proudly 
added. 

Rotron’s engineering and test facilities include 
electric power sources for all frequencies from 
50 to 2000 cps, including a square-ware generator 
capable of supplying any desired frequency. 

Life-testing and Mil-Spec testing of Rotron blow- 
ers and fans is a regular order of business in the 
laboratory, which is equipped with heat, cold, 
humidity and altitude test chambers (Fig. 4). One 
germanium-diode blower, built to Western Electric 
Specification, is undergoing a 40-year ambient tem- 
perature life test. Operating continuously since 
December 1957, it is lubricated while in operation 


in meeting new requests for non-standard cooling 
devices in that they are readily available for test 
in the new application, and can be quickly dupli- 
cated from engineering drawings on file. 

Founder and president of the Rotron Manufac- 
turing Co., Mr. J. Constant van Rijn (pronounced 
Rine), mentioned the steady growth of Rotron 
over the past 14 years as due to a concentration 
on the special problem of electronic equipment 
cooling. He stated that with increasing miniaturiza- 
tion and component densities, the problem of heat 
transfer grows more acute, while the space avail- 
able to accommodate fans and blowers becomes 
even smaller. Mr. van Rijn said that Rotron has 
had the urge to do things the right way regardless 
of immediate profit, and that the welfare of the 
people who work in the plant has been a potent 
factor in the design of the new plant. His intention 
is to create a plant which will, by its architectural 
beauty, complement the beauty of its natural setting. 
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60 CYCLE 
MINIATURE 


“is SERVOMOTORS 


Design instant response into your recording instru- 
ments and, at the same time, miniaturize your 
“package” with substantial cost-reductions. EAD 
60 cycle, size 15 miniature servomotors are engi- 
neered for RESPONSE-ability...the ability to 
produce rapid acceleration and reversing without 
over-power and over-size. 

These 60 cycle, size 15 servomotors, now available 
for commercial applications, have the same preci- 
sion RESPONSE-ability as EAD’s military ver- 
sions... your assurance of high performance and 
reliability. 


TYPICAL PERFORMANCE DATA 


1 1 


New Raytheon Subminiature transistors offer: (A) 
Familiarity in the single-ended package for high density <0 amen 
in standard board assembly—dip soldering—heat sink- i 
ing; (B) unusual versatility with the double-ended pack- 1.7 oz-in 1.6 02 


. models. available to customer requirements. 
age for feed-through construction—nonplanar double 


, we pl : If your responsibility is improved recorder desi 
board mounting—open frame welded assembly; and (C) look first to EAD for the ceevematet tine thet 
greater adaptability using both single and double-ended meets all your RESPONSE-ability requirements. 
devices to optimize mechanical assembly.—(From 30- 


Call your nearest EAD representative or write 
page “Designers Handbook, HF Type 2N338 Silicon anaes Guar GEeee Renee 
Transistor”, Raytheon Company, Semiconductor Div., 
150 California St., Newton, Mass.) 
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FIG. 4. AERODYNAMIC TEST Equipment in Rotron 
Laboratory defines air flow characteristics of Rotron 
products under actual altitude and load impedance 
conditions. 


Rotation is A Science At 
EASTERN AIR DEVICES, Inc. 
A SUBSIDIARY OF NORBUTE CORPORATION 
345 Central Ave., Dover, New Hampshire 
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EXPLOSION-PROOF 


A flexible bushing compressed around 
the pin actuator combines with bonding 
of the case halves to provide a splash- 
proof, dust-proof, explosion-proof (MIL- 
E-5272) switch with improved reliability. 
ideal for use in miniaturized electronic 
and electrical apparatus. Type SS 


® Mounting and outline dimensions meet MS-25085-1. 
@ Furnished with pin, leaf, or leaf-roller actuators. 
@ Furnished with auxiliary actuating devices. 
®@ Electrical rating: 5 amp. 125, 250 v. a-c, 
Underwriters’ Laboratory listed. 
®@ Special assemblies using groups of 
these Type SS switches with uniq 
actuating devices are furnished 
to your requirements. 
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UNIMAX SWITCH 


IVES ROAD, WALLINGFORD, CONNECTICUT 
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ATALOGUE NO. 60 AVAILABLE UPON REQUEST 
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429, BURBANK, CALIFOR 
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FIG. 1. THERMISTOR- 
COMPENSATED motor- 
tachometer-generator 
(Size 18). Frequency sensi- 
tivity: 0.015%/cycle: 
Voltage sensitivity: 
0.008%, /volt; Tempera- 
ture error +25+50°C: 
+0.05%. 








Amplifier 

Motor 

Tachometer - generator 

Input voltage to be integrated with respect 
to time 

Shaft angular displacement (Equals J xdt) 


In- phase output voltage of tachometer - 
generator 


FIG. 2. MOTOR-TACHOMETER-GENERATOR 


used in an integrating circuit. 


Precision Tachometer-Generators 


with Thermistor Compensation 


A series of rapid changes has characterized tachometer-generator development. 


This discussion 


presents a chronological survey of developments which have become the standards of preci- 
sion in the industry today. Trends, future needs, and expected developments also are discussed. 


CHARLES PEPE 


Kearfott Division, 
General Precision, Inc. 


P xr TO World War II, two-phase squirrel- 
cage motors were used as tachometer-gener- 
ators for stability applications (damping). Energizing 
voltage was applied to the fixed-phase of the motor, 
and an output voltage roughly proportional to the 
speed at which the unit was driven was obtained from 
the control-phase winding. During World War II it 
became apparent that ac tachometer-generators were 
particularly well suited for computation applications 
as well as damping because of their ruggedness, re- 
liability, and accuracy. This was the start of the pre- 
cision tachometer-generator industry. 

Evolution in design of tachometer-generators led 
to a drag-cup type of construction in order to obtain 
accurate computations with ac signals of a particular 
phase. There is no difference in the basic theory of 
operation between a drag-cup tachometer-generator 
and a two-phase squirrel-cage motor used as a tachom- 
eter-generator. In both cases, output voltage is de- 
veloped as follows: At zero speed the energizing flux, 
because of the positioning of the input and output 
coils, yields no voltage in the output winding (ideal- 
ly). An electrically conducting non-magnetic cup, 
when rotated in this field, produces a flux which is 
(1) proportional to speed and (2) perpendicular to 
the energizing flux. This flux is now in such a direc- 


tion that it induces voltage in the output winding. The 
faster the cup is driven, the greater the flux produced 
and the larger the magnitude of the induced output 
voltage. The frequency of the output voltage is the 
same as the frequency of the energizing flux. Ad- 
vantages of this type of generator design over the 
squirrel-cage construction include: (1) Small phase 
shift between the energizing voltage and the output 
voltage and (2) lower residual voltages. 

Tachometer-generators used for computing appli- 
cations (such as integrating, differentiating, and 
squaring) require higher precision than those used 
for loop stability (damping). Precision is required 
in most computation applications because any error 
in the tachometer-generator output contributes a di- 
rect error in the computations involved. 


Terminology 


A list of symbols and definitions is shown in Table 
1. This list represents the first agreement to be reached 
by representatives of the tachometer-generator indus- 
try, both users and manufacturers. It was agreed on 
by a Standardization Panel sponsored by the SAE, 
whose objective was the formation of an Aeronautical 
Recommended Practice for Motor Tachometer-Gen- 
erators. 

The result is designated ARP 667. 

Let us now consider a simple integration operation 
using a tachometer-generator, discussing the main 
causes of error and showing how they are overcome. 


The Integration Operation 
A typical computation application of the precision 
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TABLE 1—DEFINITIONS (SAE PROPOSED 
STANDARD—ARP 667) 
Symbol Symbol at 
Calibration 
Speed 


Explanation* 


Energized Voltage 
Speed 
RMS Fundamental Output Voltage 
In-Phase Fundamental Output Voltage 
Quadrature Fundamental Output Voltage 
RMS Fundamental Speed-Sensitive Output Voltage 
In-Phase Speed-Sensitive Output Voltage 
RMS Harmonic Voltage 
In-Phase Axis Voltage 
Quadrature Axis Voltage 
In-Phase Position Voltage 

V pes a Quadrature Position Voltage 


TR Transformation Ratio 


motor tachometer-generator is an integration oper- 
ation (Fig. 2). In this circuit, if the amplifier gain 
is high enough, the voltage from the tachometer-gen- 
erator (V,) will be equal to the input voltage x 


V i x 
V; = dé/dt (tachometer output) 
x = dé/dt 
xdt = dé 
fxdt = fde 
Sxdt = @. 


Thus 6, the shaft angle displacement of the tachom- 
eter-generator, is equal to the integral of the input 
voltage x with respect to time. 

With this application as a reference, an error an- 
alysis was made with a BuOrd Mk 12 (developed in 
1948) as the motor-tachometer-generator. Because the 
integrator shown was phased so as to be in-phase- 
sensitive only, the analysis included only in-phase 
errors. (Quadrature and harmonic voltages can be 
kept to a minimum by calibration and design). 


Analysis of Tachometer—Generator Errors 
Assuming a constant load on the output, variable 
external conditions affecting accuracy of the tachom- 
eter-generator output can be graded in the order of 
severity introduced errors as follows: 
1. Ambient Temperature 
2. Excitation Frequency 


> 
3. Speed (nonlinearity ) 
4 


. Excitation Voltage 
For this analysis the ranges within which the unit 
must operate satisfactorily are: 
50°C 
20 cps 
10 volts 


Ambient temperature: 25 = 
Energizing frequency: 400 + 
Energizing voltage: 115 + 
Speed range: 0 to 3600 rpm 
Standard operating conditions are: 25°C ambient, 
115v, 400 cps excitation, 0 to 3600 rpm speed range, 
Nc = 3000 rpm, and In-Phase Speed-Sensitive out- 
put voltage (V,,;:) 10 volts at 3600 rpm. As the 
initial value of the in-phase axis voltage (Vasis ;) can 
be bucked out with an equal and opposite voltage, 


*For amplified explanations see pp. 32-34 inc. 
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FIG. 3. THERMAL SERVO LOOP utilizes a magamp 
to provide continuous temperature control. T= 
Thermistors; R—Low-temperature-coefficient, wire 
wound resistors; Magamp power gain=Approxi- 


mately 250,000. 


we can assume at standard conditions V,xj, ; —0. 

The resulting errors from the varying conditions 
are shown in Table 2. The temperature error was 
large. 

To correct this weakness, a thermostatic tempera- 
ture control was developed (in 1948) to keep the tem- 
perature of the unit constant although the ambient 
temperature was varying. The temperature-caused 
error of this tachometer-generator (Mk 2) was re- 
duced by a factor of approximately ten. The percent- 
age error due to changing V,,i. ; became insignificant. 
The temperature-caused error was reduced by another 
factor of approximately ten by the development of 
a thermal servo loop (in 1954) which utilized a mag- 
amp and yielded continuous temperature control ( Fig. 
3). 

At this point the temperature-caused errors had 
been reduced to the value of the errors caused by the 
other conditions. The next stage in development of 
precision tachometer-generators was to reduce the 
other errors (as well as to reduce temperature-caused 
error still further). 

Basic temperature sensitivity of the tachometer-gen- 
erator is caused mainly by changes in energizing- 
winding resistance and drag-cup resistance. With im- 
proved magnetic and mechanical design, and use of 
lower-temperature-sensitivity materials for drag cups, 
improvement has been made in all four error areas. To 
show the magnitude of the improvement, Table 3 was 
prepared using a currently available tachometer-gen- 
erator (Kearfott +U720- 001). In order to give a true 
comparison, temperature-caused error of the basic 
tachometer is shown without temperature control or 
compensation because the errors shown in Table 2 
also came from a basic tachometer-generator. 


Thermistor Compensation 


With the emergence of tachometer-generators with 
low sensitivity to temperature changes, there arose 
the possibility of reducing temperature-caused errors 
by thermistor compensation. That is, the thermistor’s 
negative temperature characteristic could be used to 
neutralize the temperature error of the tachometer- 
generator. One such circuit is shown in Fig. 4. 

The reduction of sensitivity to temperature vari- 
ations has been so great that over an ambient range 
of 100°C (25 + 50°C), a thermistor compensated 
motor-tachometer-generator such as Kearfott’s V860 
(shown in Figure 1) yields errors of less than 0.05%. | 

The less-temperature-sensitive material used now 
on drag cups is three times more dense than materials | 


SPECIFY 
TRIMMING @ 
BALANCING @ 
CALIBRATION @ 


@ RELIABILITY 
@ RESISTANCE 
@ Power 


= 


ALL CON. ELCO TRIMMING POTENTI- 
OMETERS AND VARIABLE RESISTORS 
FEATURE RELIABILITY AND ACCU- 
RACY PREVIOUSLY UNAVAILABLE TO 
INDUSTRY FOR CIRCUIT TRIMMING, 
BALANCING AND CALIBRATION. 


TYPICAL SPECIFICATIONS 

Power Rating: lw, 2w and 2% ¢ 
50°C derate to 0 at 105°C 
150°C and 180°C 

Temperature Range: 
+ 105°C and 180°C 

Resistance Range: 10 to 125,000 
ohms 

Humidity Seal: Mil-E-5272 Proc | 
and Mil-Std-202 Method 106 

Terminals: Terminal configurations 
available include printed circuit 
pins, solder lugs and flexible 
leads 

Case: Several units are available 
in single or multiple unit rec- 
tangular cases 


CON-ELCO standard models are avail- 
able from stock. Let CON-ELCO engi- 
neers help you with your application 
problems. Send for data today. 


55°C to 


® CON-ELCO PROVIDES 
SONTerco MORE RELIABILITY 


‘77 eu entai Avonse™| IN A SMALLER 


Monrovia, California 
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SPACED TERMINALS 
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SEE THIS AND OTHER NEW PRODUCTS AT WESCON 
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This logic array has been di din the R Rand Univac Mathematics and Logic 
Research Department. in simplified form, each circle represents a film element that AND's 
the bits from the horizontal and vertical lines to produce an output on the diagonal line. The 
input word is therefore left-circular shifted & places in passing to the output. Such matrixes 
can produce arbitrary right or left shifts, either circular or open-ended, in a single clock 
period for full length computer words. Film logic arrays open a new field of high speed, high 
density logic devices. 





No where in the computer industry will qualified 
applicants find greater opportunity for both personal 
and professional reward than they will today at Univac. 
Highly significant positions involving work such as that 
outlined above are now available. You are invited to 
investigate them immediately. 


SAINT PAUL, MINN. 


@ COMPUTER APPLICATIONS ANALYSTS e@ ENGINEER WRITERS 
@ COMPUTER PROGRAMMERS e MILITARY SYSTEMS ANALYSTS 
e@ COMPUTER LOGICAL DESIGNERS 
@ PROGRAM PLANNING ENGINEERS 
For the above positions in our St. Paul, Minn. 
laboratories, send resume of experience and 

education to: 


R. K. PATTERSON 
Remington Rand Univac « Univac Park « St. Paul, Minnesota 


SAN DIEGO, CALIF. 


@ SYSTEMS TEST & EVALUATION ENGRS. 
@ COMPUTER PROGRAMMERS 
@ MILITARY SYSTEMS ANALYSTS 


For data extraction & reduction, debugging 
of equipment & systems integration. 


The above positions are now available at 
Remington Rand Univac in San Diego. 
Send resume of experience and education to: 


WILLIAM LOWE 
Remington Rand Univac « P. O. Box 6068 « San Diego Calif. 


Remington. Fland. Univac. 
DIVISION OF SPERRY RAND CORPORATION 


fF. E. NAGLE 3. R. STAHL 
Remington Rand Univac Remington Rand Univac 
P.O. Box 500 315 Fourth Avenue 

Blue Bell, Pa. New York 10, New York 


dered regard! 


There are also immediate openings 
in all areas of digital computer deve- 
lopment at our other laboratories. 
Inquiries should be addressed to: 


All qualified appli 
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| 25 +50°C Vest 
} 25 +50°C *Vaxis i 


| 0-3600 rpm Voss: 
| 115 +10v Vast 


Thermistor 





Tachometer 
Output 


FIG. 4. THERMISTOR whose temperature char- 
acteristic neutralizes temperature error of tach- 
ometer-generator improves basic temperature 
error by a factor of sagimiaaiile ten. 


TABLE 2—ERRORS CAUSED BY VARYING 
OPERATING CONDITIONS ON 
EARLY TACHOMETER. 


Parameters Magnitude** Error in Magnitude _Error in 
Producing of Error % of Vasi of Error % of Vass 


Condition Error @ 3600 rpm @ 3400 rpm = @ 1800 rpm @ 1800 rpm 





+0.63 v 
+10 mv 
+30 mv 
+10 mv 


+10 mv 


+1.25 v 
+10 mv 
+60 mv 
+20 mv 0.20 
+20 mv 0.20 


Total Possible Error = +13.60 = 


It 
8 


0.10 


400 +20 cpsVi5: 0.60 


+ I+ It it 





*\t should be noted that the magnitude of V.x:s « change remains 
the same at any speed. Therefore, at 1800 rpm, for example, the 
% error doubles. 


**See Amplified Definitions (below) for equations governing these 
errors. 
used previously. Hence inertia has increased by a fac- 
tor of approximately three. Future development is 
aimed at (1) providing a low-temperature-sensitivity 
material with low density, (2) other methods of com- 
pensating, and (3) investigating the possibility of 
changing the basic design philosophy of tachometer- 
generators so as to eventually obtain a well-designed 
precision unit which is insensitive to varying condi- 


| tions. 


Amplified Definitions { ARP667) 
In-Phase Output Voltage (Vi) 


That portion of the RMS fundamental output volt- 
age (V.) which is in time phase (or 180° out of 
phase) with the fundamental energizing voltage 
(Ven). At any speed N, the in-phase output voltage 
is made up of two parts, the in-phase, speed-sensitive 
output voltage (V,,;) and the in-phase axis voltage 
( Vaxis 1). 


Vi = Voss + Vazis i 


In-phase output voltages are positive if in-phase 
and negative if 180° out of phase. 





of race, creed, color or national origin. 


| Quadrature Output Voltage (V,) 


That portion of the RMS fundamental output volt- 
age (V.) which is 90° or 270° out of time phase with 
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Percent In- Phase Linearity 


b) PERCENT IN-PHASE 
LINEARITY ve SPEED 


FIG. 5. IN-PHASE SPEED-SENSITIVE output (Vss:) 
and In-Phase Linearity vs Speed. 





TABLE 3—ERRORS CAUSED BY VARYING 
OPERATING CONDITIONS ON A 
CURRENT MODEL (WITHOUT COMPENSATION) 


Parameters Pro- Magnitudeinmvof Error in % of 


Condition ducing Error Error @ 3600 rpm = Vissi @ 3600 rpm 


25 +50°C 
25 +50°C 
400 +20 cps 
0-3600 rpm 
115 +10 v 





Vast +27 
Vaxis 1 +15 
Vast +12 
Vast 2 +0.02 
Voss 5 +0.07 


Total Possible Error = +0.65 


+0.38* 
+0.02 
+0.16 








*Tachometer with no temperature control or compensation. This 
error can be sharply reduced if either is applied. 

the energizing voltage (V.,). At any speed N, the 
quadrature output voltage is made of two parts, the 
quadrature speed-sensitive output voltage (V,,.) and 
the quadrature axis voltage ( Vaxis )- 


Va = Vasa +4 Vaxis q 


Quadrature output voltages are positive if 90° and 
negative if 270°. 


In-Phase Speed Sensitive Output Voltage (V..:) 

(a) That portion of the RMS fundamental speed-sensi- 
tive output voltage (V,,) that is in time phase or 180° 
out of time phase with the energizing voltage (V.,). 
It is equal to % the difference of the measured in- 
phase fundamental output voltage (V;) ccw and cw 
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QUICKEST, EASIEST WAY TO 
MEET CRITICAL TEMPERATURE 
CONTROL SPECIFICATIONS... A 


KLixoN 


THERMOSTAT 
_ PACKAGE: 


ACTUAL SIZE 
M1 Precision Thermostat 
Conforms with MIL-E-5272C 
and MIL-T-5574A 


KLIXON thermostat packages, cus- 
tom-designed for your particular appli- 
cations, save precious time on “hurry- 
up” projects—leave you free to 
“button up” the overall design problem. 
Typical of the many KLIXON custom- 
designed thermostat packages is this 
specially developed elbow-type fitting. 
With two built-in KLIXON M1 preci- 
sion, snap-acting thermostats, this unit 
accurately senses temperature changes 
of glycol in the cooling system of a high 
powered magnetron located in the 
radar antenna head of a missile nose 
cone. 

This is just one of the many KLIXON 
thermostat packages now in use with 
similar vital electronic-avionic compo- 
nents . . . where reliability is prime 
requisite. 

If you have a thermostat design prob- 
lem, send us your specifications. Our 
special packaging team will design, test 
and deliver to meet your schedule. For 
complete specifications and mounting 
options, send for bulletin PRET-1 
today. 

METALS & CONTROLS INC. 
6108 Forest St., Attleboro, Mass. 


A Corporate Division of 


TEXAS LO INSTRUMENTS 
INCORPORATED 
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180° OUTPUT 


90° OUTPUT ROTOR POSITION 


QUADRATURE AMIS VOL TAGE 





MAXIMUM QUADRATURE POSITION 
vorase 1/2 [¢ - (-a]] 


b) QUADRATURE POSITION VOLTAGE 


FIG. 6. IN-PHASE and quadrature zero-speed out- 


put voltage vs. stationary rotor position. 


at the same rotational speed N (see Fig. 5). 
Voss = 4% (Vi cow — Vi ew) 


(b) In-Phase Speed-Sensitive Voltage (V.i.) desig- 


| nates the in-phase speed-sensitive output voltage for 
| the special case at calibration speed N.. 


Vassic = 4 Vic cow — Vic ew) 


| In-Phase Linearity Error 


The deviation of the in-phase speed-sensitive out- 
put (V,.;) from an arbitrary straight line is such that 
the maximum positive deviation and the maximum 


| negative deviation are approximately equal. This ar- 
| bitrary straight line is a function of speed. It is ex- 


pressed as a percent of the in-phase ss output voltage 


at the maximum speed. The following formula applies: 


Vesi — - (Vssic) x (100) 


% in-phase linearity error = —— 


| where V,,; is taken at speed N (See Fig. 5). 


The value of calibration speed N. to be used to 


| calculate percent linearity error turns out to be ap- 
| proximately 5/6 of the maximum speed of a specified 
| speed range. The following combination of N, and 


speed ranges are to be considered standard. 
Speed Range N. 


0-1800 
0-3600 
0-4300 


1500 
3000 


In-Phase Axis Voltage (Vaxis :) 

That portion of the axis voltage which is in phase 
or 180° out of phase with the energizing voltage 
(Ven). In-phase axis voltages are positive if in-phase, 
and negative if 180° out of phase (Fig. 6). 


Taber transducers probe rocket 
engine performance at Bell 


The ruggedness, reliability and versatility of Taber Teledyne pressure 
transducers are amply demonstrated here. In this Bell Aerosystems’ 
rocket engine test, six Taber bonded strain gage transducers are measur- 
ing chamber, hydraulic, valve actuation, tank, fuel and oxidizer pressures. 


Three of the instruments (C, D, and F) have been in service at Bell 
for more than 7 years! The others are more current compact designs. 


Taber transducers are available in a wide variety of models for 
test, ground support and airborne applications in pressure ranges from 
0-50 to 0-10,000 psi. High frequency response, minimum hysteresis, 
infinite resolution and low sensitivity to temperature effects, vibration 


and shock are among their many plus features. 


For illustrated literature, attach this coupon to your letterhead and 


mail. 


TO: TABER INSTRUMENT CORPORATION 
AEROSPACE ELECTRONICS DIVISION SECTION 242 
107 Goundry Street, North Tonawanda, N. Y. 


Send detailed information on Taber Teledyne and Teleflight bonded 
strain gage pressure transducers. 


name title 


alae 
_ 
>—- 





company dept. 





address 





city zone state 
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reliability... 
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METAL FILM POTENTIOMETERS 


Compare your requirements with the performance of Mechatrol’s 
precision metal film potentiometers. These vacuum deposited film 
potentiometers provide characteristics that are outstanding when 
compared with other types of rotary potentiometers. Resolution is 
better than .005% with reliability an order of magnitude better 
than achieved in conventional units. Mechatrol’s metal film po- 
tentiometers provide superior wear and rotational life under con- 
ditions of high ambient temperature and severe vibration and shock. 


THESE UNITS ARE IN CURRENT PRODUCTION. 


Standard units measure 1.062 inches in diameter and are available 
for servo or panel mounted application. They may also be supplied 
as single or multiple ganged assemblies. 


FEATURES: 


® Resolution ... Better than .005% 
+ 200°C © Linearity 
for special applications) 
® Rotational Life... 


S$ M1 SERVOMECHANISMS/INC. 


MECHATROL DIVISION 


1200 Prospect Avenue, Westbury, New York 


© Temperature ... —55°C to 
1.0% (to tighter tolerances available 

© Vibration 10 g’s, 10 - 2000 C.P.S. 

2,000,000 cycles @ speeds up to 90 R.P.M. 


Write for full details. 


MECHATROL OF CALIFORNIA, 200 North Aviation Bivd., El Segundo, California 
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Quadrature Axis Voltage (Vaxis a) 


That portion of the axis voltage which is 90° or 270° 
out of time phase with the energizing voltage Vas). 
Quadrature axis voltages are positive if 90°, and nega- 
tive if 270° (Fig. 6). 


In-Phase Position Voltage (Vpos :) 


That portion of the position voltage which is in 
phase or 180° out of phase with Ven (Fig. 6). 


Harmonic Voltages 


That portion of the output voltage of other than 
fundamental frequency. 


Transformation Ratio 


Ratio of output voltage to energizing voltage. 


Energizing Voltage Sensitivity 

The changes in measured, rated condition in-phase 
TR, phase shift, and zero speed voltages due only to 
changes in energizing voltage within a specified volt- 
age range. 


Energizing Frequency Sensitivity 

The changes in measured, rated condition in-phase, 
speed-sensitive output voltages, phase shift and zero 
speed voltages due to changes in ambient tempera- 
ture within a specified temperature range. 
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Rocket-Borne Spectrometer 


ULTRAVIOLET ENERGY emitted by stars is to be 
studied by a spectrometer borne aloft in an Aerobee-Hi 
rocket. This type of observation cannot be made from 
the earth’s surface because of the opacity of the atmos- 
phere. The project is the Princeton’s Observatory’s Rocket 


REAR MOUNT 
RING 
EXIT SLITS 
DIFFRACTION 
GRATING 


ROCKET SPECTROMETER 
Probe Study Program under the direction of Dr Lyman 
Spitzer, Jr. and supported by NASA. 

In operation, the spectrometer (see Figure) will scan 
the ultraviolet regions of the spectrum during a period 
lasting less than five minutes. The instrument will re- 
cord the ultraviolet light emitted by the stars when the 
rocket is some 62 to 143 miles above the eath. Detailed 
information will be telemetered back to earth immedi- 
ately as the entire spacecraft will be destroyed on re- 
entering the earth’s atmosphere. 

The spectrometer design emphasizes compactness, light 
weight and low power requirements. It has been designed 
by the Perkin-Elmer Corporation of Norwalk, Conn., to 
fit into a package only 30” long, 14” in diameter. The 
fine guidance system is capable of holding the instrument 
“on target” within +6 seconds of arc. 
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QUICK-CLIP VISE 


for Printed-Circuit Boards 

A convenient inexpensive method 
for holding P.C. boards during 
assembly and hand-soldering oper- 
ations. Takes boards up to 12” or 
longer. Can be rotated in arc in 
excess of 180 degrees. Completely 
accessible on both sides. Con- 
structed of black-anodized alumi- 
num with bakelite knobs. Mounted 
on Formica board. 


Price $9.65 FOB Altadena, Calif. 


Western Electronic Products Co. 
2420 North Lake Avenue, Altadena, Calif. 
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Applications 
Engineering Data 
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Pa. Sturtevant fco. 
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MINIATURIZATION 


Think small ...and be de- 
lighted to know that small- 
ness of part demands 
bigness of ability for con- 
sistent quality-controlled 
production of miniaturized 
wave filters and toroidal 
coils. You get big results 
with small components— 
designed, engineered and 
produced by us. 


Product in point: Here’s 
one—Toroidal Coils, as small 
as 46" 1.D. and made tothe 
highest standards...and 
on a production basis. Send 
us your problem. 


Write today for your portfolio 
of performance characteristics, 


COMPONENTS 
CORPORATION 


2855-57 N. HALSTED ST, 
CHICAGO 14, ILLINOIS 
EASTGATE 7-6566 
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MICROFILM TV system exhibit at WESCON. 
Remote Monitor station is shown at left with con- 
trol stick in the foreground. Hi-REZ monitor shows 
enlarged portion of engineering drawing. Center 
microfilm televiser, normally at central file location, 
rests on table. 


Viewer-Controlled CC-TV 


A new microfilm readout device developed by GPL 
Div., General Precision, Inc., Pleasantville, N. Y., when 
tied to closed-circuit television permits one or more users 
to simultaneously examine microfilm with a wide range 
of magnification—even if separated from the file and 
from each other by several miles. 

For access to microfilmed data in a remote location, 
a user calls a central file. In response to his request, the 
microfile librarian inserts a microfilm aperture card 
in the televiser and the data is transmitted to his monitor. 
The viewer using a single “joy-stick” control, can move 
any part of the picture to the center screen position and 
then change its magnification continuously through the 
entire range up to a 300 time enlargement without loss 
of focus. 

A number of viewers in different locations may view 
the same drawing, as might be required in a telephone 
conference situation. However, only one remote station is 
given control of positioning and magnification. This 
feature would also make available graphic aids from a 
centralized library to classroom teachers, greatly simpli- 
fying the administration of graphic aids in public or 
military schools. 

The type of line required for transmission of the GPL 
HI-REZ (High Resolution) 1000 line TV system signals 
is coaxial or microwave line having a 20 mc bandwidth. 
With standard 525 line TV, a bandwidth of either 5 or 8 
me could be used. 

Through the use of auxiliary equipment, aperture film 
cards can be automatically inserted in the Microfilm 
Televiser. The equipment is also compatable with auto- 
matic search, retrieval and inserting equipment which 
would permit a minimum of attention on the part of the 
central film librarian. 

The Microfilm Televiser will be on display in the GPL 
Division booth, No. 3309-3321, at the WESCON 61 
Show. 
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NEW ! 
miniature 


for 
LINEAR 
MOTIONS 


LOW FRICTION and WEAR 
LASTING PRECISION ALIGNMENT 
ELIMINATE BINDING and CHATTER 
ZERO SHAKE or PLAY 
LONG LIFE—LOW MAINTENANCE 
SOLVES SLIDING LUBRICATION PROBLEMS 


Used by progressive engineers in the latest guidance, 
fire control and navigation systems, computers, inertial 


devices, instruments. 


Various types of Bau BusHincs are made for shaft sizes from Ye" to 4”... 
with small sizes available in Stainless Steel. Write for literature and name 


of our representative in your city. 


THOMSON INDUSTRIES, Inc. 
Dept. D, MANHASSET, NEW YORK 





ALLIED’S 


NEW 


6 POLE 
Sub-Miniature Relay 


with 


0.2 Inch Grid Spaced 


ACTUAL SIZE 
TYPE JH-18D (GPDT) 


OPERATING CONDITIONS 
CONTACT RATING: 
2 amperes non-inductive or 1 ampere inductive 
at 29 volts d-c or 115 volts a-c 
Low level contacts are available on request 

AMBIENT TEMPERATURE: 

— 65°C to + 125°C 
VIBRATION: 

5-28 cps at 0.5 inch double amplitude 
28-2000 cps at a constant 20g 
SHOCK: 
50g operational 
WEIGHT: 

1.8 ounces maximum 


*K Also available with straight pins for printed 
circuit application 


Write for Bulletin JH-18D #25 


@ ALLIED CONTROL & 


ALLIED CONTROL COMPANY, INC. 


2 EAST END AVENUE, NEW YORK 321, N. Y. av2os 
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MICROWAVE ANTENNAS 


Expanded lines of Antennas, an- 
tenna feeds and accessories, including 
the Taco rigid transmission line using 
expansion bullets to compensate for 
long-run thermal expansion and con- 
traction, will be displayed at 
WESCON Booth, 8350.—Technical 
Appliance Corporation, Sherburne, 
NZ, 
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TRANSISTORIZED 


New 1800 Series instruments use 
solid-state sub-modules including 
operational amplifiers to provide a 
variety of gain ranges, gain steps, 
frequency responses and outputs.— 
Burr-Brown Research Corp., Box 
6444, Tucson, Ariz. 
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DATA CONVERTER MODULES 


New BIPCO® micro-electronic 
modules convert binary coded decimal 
information to decimal form. Operate 
with Burroughs TRIXIE® modules to 
drive NIXIE® indicator tubes directly 
from low-level binary coded inputs.— 
Burroughs Corporation, Electronic 
Components Div., P. O. Box 1226, 
Plainfield, N. J. 
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PLASTIC CASE RELAYS 


New Model GR general purpose re- 
lays are adaptable for below-chassis, 
above-chassis and plug-in connections 
with solder-push-on terminals grouped 
on single barrier panel. AC and DC 
types with coil voltages to 440 vac 
or 230 vde, configurations to 3-pole 
double-throw, and contact ratings to 
5 amp 115 vac or 32 vde are available 
in enclosed or unenclosed types.— 
Ohmite Mfg. Co., 3672 Howard St., 
Skokie, Ill. 
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STRIPED MARKERS 


Self-sticking Color Stripe Markers 
for coding resistors, ete. replace 
painted stripes—are faster to apply 
than paint, either manually or by 
automatic machine. Samples on re- 
quest.—_W. H. Brady Co., Dept. 138, 
727 W. Glendale Ave., Milwaukee 9, 


Wisc. 
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WIRE WRAP CONNECTOR 


# 


< 


New “Press-Fit” Feedthru Termi- 
nal Part No. FT-WJ-100 designed for 
Wire Wrap connection techniques is 
rectangular in cross-section. Presses 
into secure seating in punched chassis. 
Stud extends .460” above chassis, 
.459” below.—Sealectro Corporation, 
610 Fayette Ave., Mamaroneck, N. Y. 
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DC AMPLIFIER 


New Coldstream model 1T300 de 
amplifier utilizes a second harmonic 
modulator operating at an excitation 
frequency of 2000 cps amplified by a 
two-stage ac amplifier whose output 
feeds a phase-sensitive demodulator. 
This bi-directional output is fed in 
turn to a balanced push-pull cathode 
follower. A portion of the output is 
fed back to the modulator for gain 
and temperature stabilization. Gain 
steps of 10, 100, 1000 and 3500 are 
standards.—Coldstream Engineering 
Co., Box 1893, Tulsa, Okla. 


CIRCLE 145 ON READER-SERVICE CARD 


GAIN/NOISE METER 


New Model 625-A Gain Set, de- 
signed to measure gain, loss, noise 
figure and other microwave charac- 
teristics incorporates crystal mixer 
20-step attenuator, IF amplifier and 
detector, AGC amplifier and output 
meter.—Kay Electric Co., Maple Ave., 
Pine Brook, N. J. 
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MIL INDUCTORS 


Oe 


New microminiature inductors in 
the Dura-Clad® package meeting en- 
vironmental requirements of MIL- 
C-15305A, Grade 1, Class B (125°C) 
are available in the 03-series (center) 
10zh to 100 mh; and in the 04-series, 
Imh to 1 henry. Electrically identical 
with earlier single and double-ended 
Aladdin inductors; detailed specifica- 
tions are available on request.—Alad- 
din Electronics, 740 Murfreesboro 
Rd., Nashville 10, Tenn. 
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High-Output Strain-Gage 
Transducer 


A new silicon semiconductor strain gage pressure 
transducer which provides a 250 mv output without an 
amplifier with 10 v de to 30 v de excitation is now 
available in airborne and ruggedized models from 
Fairchild Controls Corporation, a subsidiary of Fair- 


sure Transducer which requires no amplifier because 
of its high (!/, volt) output is only 2.4" long, 1.2" 
diameter and weighs only 4 ounces. 


child Camera and Instrument Corp., and will be on 
display at the 1961 WESCON show. 

Pressure range for the unit is 0-100 through 0-10,- 
000 psi gage or absolute with allowable over-pressure 
of 1.5 times rated full-scale pressure giving a zero shift 
of less than +0.25%. The unit can be used in any 
gaseous or liquid media compatible with sulfuric 
anodized aluminum, passivated stainless steel and 
teflon. Operating temperatures are from —65° to 
250°F. Standard compensated temperature range is 
0° to 150°F, but compensation can be provided over 
all the operable range on request. 

East Coast headquarters for Fairchild Controls 
Corporation is at 225 Park Ave., Hicksville, L. L., 
N. Y. West Coast plant is at 6111 East Washington 
Blvd., Los Angeles, Calif. 
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Coaxial Connector Master 
Guide 


Quick selection of the best coaxial connector to meet 
application, cable, Mil-Spec requirement and mating 
connector or adapter is provided by new Master Co- 


Li iat'=13) 


INDEX TABS save design engineer's time in selec- 
tion of Connector/Receptacle/Adapter types. 


axial Connector Selector which tabulates connectors 
by Style, Series, Cable Sizes and Types, Receptacles 
by Mounting Requirements, Adapters by Types, and 
Adapters between Series by Mating Series and Sex. 
Mechanical and Electrical characteristics of each series 
is also listed .. . (From New 30-page Coaxial Connec- 
tor Selector Catalog, Automatic Metal Products Cor- 
poration, 323 Berry St., Brooklyn 11, N. Y.) 
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Visit Booth (No. 3617-3619) 
at the Wescon Show o 

San Francisco Cow Palace 
August 22-25 
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counting controls for industry, defense and space exploration 


Radar and missile-tracking systems incorpo- 
rate Veeder-Root instrument counters for in- 
stant read-out of range, bearing and azimuth. 


Flight instrumentation and navigation applica- 
tions of Veeder-Root counters give jet pilots 
vital data in quick-reading digital display. 


Military communication networks are inte- 
grated speedily through the use of Veeder-Root 
counters for indication of radio frequencies. 


Locate, Navigate, Communicate . .. with Veeder-Root Counters. !f you are 
developing any system which requires the rapid, accurate indication of 
essential information, investigate the proved advantages of digital read- 
out with specially engineered Veeder-Root instrument counters. In addition 
to comprehensive design cooperation, we can offer you manufacturing, 
testing and quality control facilities which are fully capable of meeting the 
most exacting military specifications. For information and assistance on 

instrument Sec- 


military designs incorporating Veeder-Root counters, write 
tion, Veeder-Root Incorporated, Hartford 2,Conn. count on...Veeder-Root 
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first fom t x-icolab. 


ya new standard of precision in 
, AC VIVMS 


''Til now, no VTVM has been able to measure complex waves with high 
| laboratory standard accuracy. Average-reading and peak-reading 
instruments are subject to significant distortions created by spikes 
‘and harmonics. 


New tridlab Model 120 achieves direct-reading, true RMS values of 
both sine and complex waves with deflection directly proportional to 
‘the square of the current—by use of a special dynamometer movement. 























e DIRECT-READING 

No knobs to twist or tedious balancing. 
e INSTANT MEASUREMENT 

No sluggish, thermo-couple response. 
e HIGHEST LEGIBILITY 

Full 7” custom-calibrated, mirror scale. 
e CONSTANT OVERALL GAIN 

For long life. 


e DIAMOND BEARINGS 
For perfect balance, smooth scale motion. 


Ranges: 1OMV to 500V rms, full scale. Input im- 
pedance: 1 meg. Fundamental freq. response: 
50-2000 cps: Accuracy (above 50% electrical 
deflection): 44% f.s. at 400 cps; 14% f.s. at all 
other frequencies. Power: 115 VAC, 50-400 cps. 


AVAILABLE RACK-MOUNTED OR PORTABLE 


triglab other laboratory and build-in miniature pre- 
cision instruments can help you. Write for Catalog MSD-8 


| t riciab 
sy Bs} jaa aye INC., Plainview, LI, N.Y. 


see Irie at a 
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sine waves with 0.25% accuracy 





OIL-LESS TANK OUTFIT 





New miniature LCT Tank Mounted 
Unit incorporates the new 1/12 hp 
piston type, oil-less motor air com- 
pressor, and the Piggy-Back air re- 
ceiver (tested at 100 lbs. pressure). 
Automatic pressure switch is factory 
set to cut-in at 25 lbs and cut-out at 
40 lbs pressure.—Bell & Gossett Co., 
Morton Grove, IIl. 
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AUTOMATIC VTVM 





New DYNAMATIC 375-VTVM au- 
tomatic vacuum-tube voltmeter pro- 
vides an individual wide-view direct 
reading scule for each of four ranges. 
Only one scale is visible at any one 
time. Once you set the range switch 
properly, it is impossible to read the 
wrong scale. Complete specification in 
catalog sheet AP18 on request.— 
B & K Manufacturing Co., 1801 W. 
Belle Plaine Ave., Chicago 13, Ill. 
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SATELLITE HORIZON SENSORS 





New Series 13-160 All-Altitude 
Horizon Sensors, sensitive infrared 
scanning instruments which can de- 
tect the sharp thermal discontinuity 
between the earth’s relatively warm 
atmosphere and the cold background 
of outer space, for missile and space 
vehicle applications are sensitive only 
to the earth’s self-emitted radiation, 
and not to reflected solar emission. 
Specification Sheet 13-160 is available 
on request.—Barnes Engineering Co., 
30 Commerce Rd., Stamford, Conn. 
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Rotary Solenoid Actuator 


A rotary electric solenoid actuator which has high 
inherent resistance to mechanical environments such 


as axial vibration and shock, and originally designed 
to operate rotary switches in missile and rocket opera- 


tions, is now available for industrial as well as other 
military applications. 

The construction of the rotary solenoid is dia- 
gramatically shown in the figure. Energizing the sole- 
noid coil sets up a magnetic flux in the magnetic 
frame structure, through the rotating solenoid core 
and the balanced rotating armature across the arma- 
ture air gap. Magnetic flux across the air gap causes 
rotation of the armature against a set of springs in 
which mechanical energy is stored. 


BEARING SUPPORT 





As the balanced rotor nears the limit of its rotation 
a set of interrupter contacts breaks the input signal, 
de-energizing the coil. The stored energy of the spring 
indexes a self-locking ratchet attached to the output 
shaft and returns the balanced rotor to its original 
position. 

Referring to the force diagram, the magnetic force 
acting on the center rotor is designated Fy. It acts 
on a point displaced from the center of rotation by a 
distance R. The torque acting on the rotor is 


T =2R Fm cos 0 
= 2Fa:R 


where Fn, = Magnetic Force R = Radius Arm 


Fmx = effective component @ = Force Angle 


of magnetic force 


This is pure rotary motion. The rotor, being 
symmetrical, is inherently balanced. The “y” com- 
ponents of the magnetic forces are counter- Leheailel so 
no axial force exists on the rotor. 

The Model 27 solenoid, supplied with windings of 
24 to 30 gauge wire, gives maximum torques of 120 
oz-in down to 80 oz-in and with duty cycle limits from 
10% to 50% ... (From 4-page brochure, Rotary Sole- 
noids, Singer-Bridgeport Div., The Singer Manufactur- 
ing Company, 915 Pembroke St., Bridgeport 8, Conn.) 
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MULTICHANNEL 
RECORDER 

New Magnasyne 
Model T-1510 multi- 
channel recording sys- 
tem for recording 10 
channels on %” tape 
for as long as 34 hours 
on one roll of tape. 
“Fail-Safe” feature de- 
tects mechanical or 
electronic failure and 
starts standby record- 
er. No important trans- 
missions are lost.— 
Magnasyne Corpora- 
tion, 5546 Satsuma 
Ave., North Hollywood, 
Calif. 

CIRCLE 154 ON READER-SERVICE CARD 


SEALED GLASS CAPACITORS 


New fusion-sealed moisture resist- 
ant glass capacitor, Type CYF-20, 
has a capacitance range from 560 to 
5100 pf—over four times larger than 
previous fusion-sealed types. The 
CYF-20 shows negligible change from 
boiling in salt water for 450 hours or 
exposure to radiation of 10°NVTwm. 
Temperature coefficient of capac- 
itance is 140 +25ppm/°C from —55° 
to 125°C; DCVW is 300v or more; 
requirements of MIL-C-11272B are 
met or exceeded.—Corning Electronic 
Components Div., Corning Glass 
Works, Bradford, Pa. 
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C-BAND OSCILLATOR 
DEVELOPMENT 


Ps A new mi- 

a crominiature 

C-Band oscil- 

lator, %” in 

diameter and 

%” long, for 

plate pulse 

and CW serv- 

ice is in ad- 

vanced de- 

velopmental 

stage. Desig- 

nated Trak 

Type 9180, de- 

velopmental 

models are 

available on 

limited basis for experimentation. 

Peak pulse power is 50 to 100 watts, 

tuning in any 100mc segment of the 

4.0 to 5.5 kmc spectrum.—Trak Micro- 
wave Corporation, Tampa, Fla. 
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Now, you can save time and insure reliability... 


by specifying DK Coaxial switches in your design 


It’s easy. DK Coaxial switches are available in scores 
of shapes, sizes, and functions from factory stock. RF 
Products’ new DK Coaxial switch catalog lists over 130 
variations of 16 basic coax switch designs, covering a 
proven 90% of all known applications. All the facts and 
figures on the industry’s most complete line of coaxial 
switches are at your finger tips. 

You'll also find that these switches successfully com- 
bine ruggedness with the highest standards of precision: 
spring-leaf switching blades, gold-plated silver contacts 
and impedance matched connectors keep insertion loss 


and VSWR (1.3 @ 4,000 MCs) low, Crosstalk high (in 


decibels down); electro-mechanically actuated models 
operate and release in 8 to 20 milliseconds, depending 
on type and function, with a proven mechanical life of 
1,000,000 cycles minimum when operated under 10 cps. 
And, don’t forget that RF Products, pioneers in the 
development of the coaxial switch, will continue to offer 
you design and engineering services whenever you need 
them. Whether you order a switch from the catalog or a 
switch designed to meet your exact specifications, you 
can be assured of the same high quality and service. 
For details on our new line of standard switches, 


write for catalog DK 61. 


at e DIVISION OF AMPHENOL-BORG ELECTRONICS CORPORATION e 33 EAST FRANKLIN ST., DANBURY, CONN. 
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IDL “STANDARD” 


TELEMETERING COMMUTATORS 


satisfy 98% of 
PAM and PDM 
System Requirements 


Within this case, IDL provides 

sampling rates, channel density, 

low noise level operations and 

motor characteristics specified by IRIG 
requirements in telemetering systems. The com- 
binations offered by our production plan are so numerous that 
most telemetering requirements can be met. 


Case 
Style No. 1 


IDL “Standard” Telemetering Commutators offer these advantages 
to the systems design engineer: 
e Shorter delivery schedules 


@ Unlimited production capacity 
for follow-on 


¢ Uniform pricing 


e Missile reliability 

e Long, service-free unattended life 
© Uniform quality and workmanship 
© Uniform installation requirements 


For complete information, write for IDL Brochure No. G361 
describing “Standard” High Speed Rotary Switches. 


INSTRUMENT DEVELOPMENT LABORATORIES, INC. 


Subsidiary of Royal McBee Corporation 


52 MECHANIC STREET, ATTLEBORO, MASS, 
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By our continuous process of 
electroplating wire, several metals 
may be plated one over the 
other, or two metals may be 
deposited simultaneously as an 
alloy...An interesting application 
is the Gold plating of Tungsten 
wire. This combines the extremely 
high tensile strength of Tungsten 
with the solderability of Gold. 
Many other combinations 

—such as using Tin plate or 


Platinum —are possible. 


Write tor Latest Brochure 


SIGMUND COHN wee co.inc 


121 SOUTH COLUMBUS AVENUE, MOUNT VERNON, N.Y 


CIRCLE 54 ON READER-SERVICE CARD 


MINI PRESSURE POT 


New miniaturized P105 Pressure 
Potentiometer utilizes a Ni-span-C 
capsule as the basic sensing element. 
Less than 4.5 oz weight and only 2” 
long, it measures between the range 
of 0-10 to 0-350 psia and delivers up 
to 75 v full scale output without 
amplification. Technical Bulletin 1045 
on request.—Trans-Sonics, Inc., P. O. 
Box 328, Lexington 73, Mass. 
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MODULAR INSTRUMENTS 


New Modular designs in 22 differ- 
ent instruments used as bench or rack 
models can be quickly incorporated 
into space-saving systems for micro- 
wave frequency and precise time meas- 
urements.—Hewlett-Packard Compa- 
ny, 1501 Page Mill Rd., Palo Alto, 
Calif. 

CIRCLE 158 ON READER-SERVICE CARD 


OVENIZED INDUCTOR 


New Model OM- 

101 electrically 

variable inductor 

with built-in ther- 

mostat and heater 

holds frequency 

drift to less than 

1% over a wide 

range of ambient 

temperatures. One 

watt of control 

power varies the 

OM-101 from a 

maximum induct- 

ance (of 1.6 wh, to 0.4 uh inductance 

at saturation.—Vari-L Co., Inc., 207 

Greenwich Ave., Stamford, Conn. 
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PATCH CORDS 


a 

New Subminiature Cross-Patch 
cords “provide positive dependable 
inter-cennection for an unlimited 
number of multiple circuits in limited 
space.”—Herman H. Smith Inc., 2326 
Nostrand Ave., Brooklyn 10, N. Y. 
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Selecting a Propeller Fan 


Fans are customarily rated by either NEMA or 
NAFM code and the figures of the two ratings are 
very different for the same specimen of fan. All 
ratings given by Rotron are actual volume figures as 
measured on the complete fan assembly and under the 
specified condition, which resemble closely the con- 
ditions under which the customer will normally use 
the fan in his application. , 

The volume of air moved should be chosen suf- 
ficiently large to limit the temperature rise of the air 
in the enclosure to the required level. The following 
convenient formula may be used: 


3170 

T = at kw 
CFM 

T = Temperature rise in degrees 
Fahrenheit (1°F 1.8°C) 
Cubic feet of air actually 
moved per minute 
Power in kilowatts dissipated 
inside the enclosure 


It follows that for 1 kw of heat dissipation and 
10°F temperature difference between incoming and 
outgoing air, a volume of 317 cubic feet per minute 
should be flushed through the enclosure. This pre- 
sumes perfect mixture of the hot and cold air. A slight- 
ly higher volume may be desirable to compensate for 
uneven conditions, although a safety margin is general- 
ly already present in the temperature rise figure 
adopted. 

It is not desirable to use a greatly “oversize” fan. 
The larger volume of air will deposit more dust in the 
enclosure (even if dust filters are used—see Rotron 
catalog sheet “On the Use of Dustfilters”). Back pres- 
sure will also increase, which is likely to dictate a 
higher pitched propeller resulting in more air noise. 
More frequent replacement or cleaning of dust filters 
is then also required. 

For choosing the most suitable fan, the following 
procedure may be followed: 


(1) Establish the required volume of air to be 
flushed, with the aid of the above formula. 


(2) Establish the minimum required dust filter area 
to be used, with the aid of the information given in 
Rotron Application “On the Use of Dustfilters” (cata- 
logue sheet 20201-2). 


(3) With the aid of the Propeller Fan performance 
curves for different blades and directions of flow, as 
given in the Rotron catalog for each type of fan, 
choose a fan type number which will move approxi- 
mately the required volume of air under conditions 
of a dirty dust filter (Fig. 2). 


(4) Now, adjust the filter area, if necessary, to in- 
crease or decrease the pressure drop and thereby attain 
more closely the required volume of air. 


(5) Check the motor winding temperature rise, 
under the selected condition of use of the propeller 
fan, on the Rotron catalog sheet for the particular fan. 
If the ambient temperature conditions are very high, 
Rotron Manufacturing Co., Inc., Hasbrouck Lane, 


Woodstock, N. Y.) 
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FIG. |. FAN SIZE is a function of the cooling effect 
required, which in turn is related to the watts power 
to be dissipated. 
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STATIC PRESSURE 
INCHES OF WATER 
—— 


8 


*C RISE 

HOTTEST WIND. RISE °C 

BEARING RESIST. METH. 
888 8 3. 
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AIR VOLUME CFM am VOLUME CFM 


FIG. 2. FAN PERFORMANCE Curves _ include 
CFM plotted against static pressure, against 
winding rise in °C, and bearing rise in °C. IL, 2L 
and 3L graphs refer to three different styles of 
blades which move air in direction "'L" (from fan. 
over the motor}. "R' type blades move air away 
from motor and will show a different series of 
curves. 


it may be necessary to increase the volume of air 
moved by the fan (by use of a higher pitched propeller 
or the choice of a larger dust filter), in order to allow 
for sufficient cooling of the fan motor. For use on 
government contracts, very high ambient temperatures 
are generally to be met and it will be found that most 
Rotron fans are suitable for operation in such high 
ambients. For exact figures, consult the performance 
graphs contained in each section in this catalog, 
which gives full information on the actual winding 
temperature rise for each model and type of fan over 
its entire operating range . . . (From 78-page Cata- 
log RM211, “Green and Red Label Fans and Blowers, 
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CABLE CLAMPS 


Clamps and Cable Ties are available 
in a new material providing complete 
flexibility without embrittlement or 
stretch from —65°F to +225°F, can 
be opened, closed and re-adjusted re- 
peatedly without damage, without spe- 
cial tools. Bulletin and sample on re- 
quest.—Panduit Corp., Dept. IPC 
17301 Ridgeland Ave., Tinley Park, 
Tu. 
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LOW COST POWER 
TRANSISTOR 


New 2N2048 low-price MADT us- 
ing a special filler provides 150 mw 
power dissipation, exhibits 0.050 sat- 
uration voltage, with gain bandwidth 
product (f.) of 150 mc in TO-9 case. 
Is designed for saturated switching 
circuits used in high speed computer 
logic and automation equipment.— 
Philco Corp., Lansdale Div., Lansdale, 
Pa. 
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DOUBLE-ACTION RELAY 


New MagTrak relay combines load 
current contact aiding (LCCA) and 
magnetic contact aiding acitons, per- 
mits relay adjustments to very close 
tolerances and makes possible the 
handling of much lower voltage loads 
without circuit re-design.—Daystrom, 
Inc., Weston Instruments Div., 614 
Frelinghuyson Ave., Newark 12, N. J. 
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THE 
FLATTEST 


COAXIAL ATTENUATOR 


AVAILABLE .@ 


RLC A25 
COAXIAL ATTENUATOR 


Atten. 
PAR Value | Variation*| Max. | Frequency 
NO. (db) (db) VSWR (kmc) 


A25-3 +0.3 1.3 





The most recent 
advances in resist- 
or film technology 
insure stability, 
power handling 
capabilities and 
mechanical rugged- 
ness. 





0.5-11 





A25-6 +0.4 1.3 1-11 





A25-10 +0.5 1.35 1-11 























A25-20 +0.7 1.35 2.11 


"Variation of atten. as a function of Frequency 


Type N Connectors—$32.50 each from stock. 
« Connectors and attenuation 
values available upon request 


RLC ciecreosics, 19¢ 


5 MAMARONE 





] 
o_o 


AVENUE @ MAMARONECK, NEW YORK @ OWens 8-3913 





MILITARY 
TERMINAL BOARDS 


Kulka Military Terminal Boards were designed by 

the Bureau of Ships according to MIL-T-16784B. 

They are made to BUSHIPS 9000-S6505-73214 drawings, 

with latest revisions, and BUORD $64101. 

Kulka Military Boards are available as single row, double row, 

or through connected type units, and are molded of 

Type MAI-60 glass-filled alkyd resin according to the 

latest revision of M-14 specifications. 

Kulka offers the complete line of these Military Boards, 

along with a wide selection of hardware accessories... ° 


The complete catalog on ‘. 
Military Terminal Boards.... °. 
Write for your FREE copy... .° 


KULKA ELECTRIC CORP. 
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BRAKE-CLUTCHES 


7 SE eT 


New 28 vde electrical brake-clutch 
units in sizes 8 and 11 have standard 
BuOrd mountings and coaxial input- 
output shafts. 


response max. 
length terque time wt 


Size 11 1.839” 160z-in 23 msec 502 
Size 8 1.530” 8oz-in 12 msec 2.5 oz 
—Bowmar Inst. Corp., 8000 Bluff- 
ton Rd., Fort Wayne, Ind. 
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RF WATTMETERS AND LOAD 


New Model 6254 

Termaline RF 

Wattmeter and 

Load designed to 

measure power out- 

put and to termi- 

nate low power 50- 

ohm systems, pro- 

vides direct power 

readings over the 

range of 30 to 500 

mec with less than 

Pe 1.15 VSWR. Any 

— — one of six standard 

ranges from 25 to 100 mw may be 

specified—Bird Electronie Corpora- 

tion, 30303 Aurora Rd., Cleveland 39 
(Solon), Ohio. 
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COAXIAL MADT AMPLIFIER 


Production Models of new micro- 
wave MADT Transistor providing a 
typical power gain of 10 db at 1000 
me is housed in a coaxial package 
for use as a UHF amplifier.—Philco 
Corp., Lansdale Div., Lansdale, Pa. 
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DEPTH RECORDER 


New Model 418 Survey Depth Re- 
corder using the standard 19” Alden 
recording head gives resolution at 
400 fathoms of better than +1 fathom. 
—Alden Electronic & Impulse Record- 
ing Equip. Co., Westboro, Mass. 
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When does it pay to pay more for a 


digital voltmeter? 


WHEN SPEED, in the order of 200 
measurements per second, is required, 
specify the NLS V44 All-Electronic 
DVM. Here is an instrument specifically 
designed to solve the special problems 
encountered in high-speed measuring and 
data logging. 





ri 


~ 


WHEN ACCURACY- full five-digit 
accuracy — is demanded by your applica- 
tion, use the NLS V3SA. This instrument 
features resolution of 0.001% over the 
entire range, a result of mathematically 
perfect ““No-Needless-Nines” logic. 


Originator of the Digital Voltmeter 


non-linear systems inc. 


DEL MAR, CALIFORNIA 
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WHEN RELIABILITY is of uncompromising importance, consider NLS Series 20 instruments with advanced transistorized logic 
and mercury-wetted relays. The M24, above, which measures DC voltage, DC voltage ratio or resistance in Ys second, has been 
selected by major missile manufacturers after thousands of hours of competitive life testing. 


WHEN EASE OF SERVICING is of vital 
concern, you will find it in any NLS pre- 
mium instrument. The higher-priced V44, 
M24, V24, R24 or the medium-priced 
V35A and V34A (shown above) —all 
feature 99% plug-in modular construc- 
tion for spotting and correcting malfunc- 
tions in minutes instead of hours or days. 





You can buy an NLS 
Digital Voltmeter for 
as little as $1,125... 


... but there are many times when it 
pays to pay much more! When accu- 
racy, reliability, speed, servicing ease 
or versatility cannot be compromised, 
you'll gain far greater long-term 
economy by specifying one of these 
premium NLS instruments: 


1) M24 Multi-Purpose Instrument— 
Measures DC voltage from +.0001 to 
+999.9 and DC voltage ratio to +.9999 
(+0.01% accuracy), resistance from 0.1 
ohm to 1 megohm...'% second balancing 
time...with accessories, measures AC 
voltage or AC ratio, low-level DC... 
completely automatic...output for data 
logging. $5,650 


V24 Voltmeter-Ratiometer —Similar to 
M24 except it does not measure resistance. 
$4,950 


R24 Ratiometer— Measures DC ratio 
with ranges of +.9999/9.999. $4,650 


(2) V44_ =All-Electronic Voltmeter — 200 
readings per second ...measures DC volt- 
ages from +0.001 to +999.9... output for 
data logging...input impedance 10 meg- 
ohms on all ranges without internal or 
external preamplifiers ...recommended for 
high-speed applications requiring maxi- 
mum reliability and dependable +0.01% 
accuracy...there are no decade or ampli- 
fier potentiometers to trim; the V44’s “NO 
POTS AT ALL” stability is designed in, 
not trimmed in. 6,150 


t V35A_ Transistorized Voltmeter- 
Ratiometer —This all-transistorized instru- 
ment is the fastest, most versatile, true 
5-digit voltmeter with the Factual Fifth 
Figure, full 5-digit resolution of 0.001% 
.».-measures DC voltage from +0.0001 
to +999.99, DC voltage ratio from 
+00.001% to +99.999% ... with accesso- 
ries, measures AC voltage, low-level DC 
... features No-Needless-Nines logic, plug- 
in oil bath stepping switches... output for 
data logging. $3,750 


© V34A _ Transistorized Voltmeter 
Ratiometer — 4-digit quality and perform- 
ance companion to V35A. $3,150 


NLS offers a complete line of digital 
voltmeters...both by purpose and 
by price. In addition to these premium 
instruments, six low-cost models in the 
Industrial Series are offered by NLS, 
pioneer of low-cost DVMs. To see any 
NLS instrument in action or receive 
more information, write NLS or con- 
tact any NLS office or representative. 


non-linear systems, inc. 
DEL MAR, CALIFORNIA 
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Miniature Photoelectric 
Chopper 


The Photoverter® photoelectric modulator is a non- 
mechanical device using light modulated photosensis- 
tors which are alternately switched on and off by an 
ac-driven internal light-energy source. The photo- 
sensistors. varving in resistance with the change in 


a ae ¢ 
rs 
a Mt 5 


WR, 
FIG. 1. PHOTOELECTRIC Modulator achieves low- 
noise in miniature package by light modulation of 
photosensitors by internal light sources. Schematic 
of device is at right. 


Ww 


— 








FIG. 2. PHOTOVERTER with ac amplification as 
here shown, is said to provide gain stability better 
than that of de amplifiers by at least an order of 
magnitude. 
light-energy, modulate the input dc signal as a func- 
tion of the drive frequency (Fig. 1). 

The Photoverter is an inertialess unit which will 
photo-electrically modulate high- or low-level input 
signals, converting them into a modified square wave. 
It may also be used to demodulate ac signals to dc. The 
modulator will operate over a 0 to 25ke drive frequen- 
cy range (Fig. 2). Careful internal shielding minimizes 
pickup of external electromagnetic noise. The low 
noise characteristic makes it particularly adaptable to 
applications where microvolt-level modulation is re- 
quired. 

The Photoverter has no moving parts and will op- 
erate in any position. When drive voltage is discon- 
tinued, the modulator is OFF; both switches remain 
in the open position, preventing the usual circuit load- 
ing common to mechanical choppers. 

The Photoverter sets a new standard for produc- 
tion modulators, providing the design engineer with 
a solid-state unit small in size (34” dia. by 1.16” 
high), light in weight (10 grams), rugged in con- 
struction, producing field performance formerly 
achieved only in the laboratory . . . (From 4-page eem 
file folder, “Photoverter,” Photocron Instruments, Inc., 
662 Main St., Westbury, N. Y.) 
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COUCH RUGGED 
ROTARY RELAYS © 


SPECIFICATIONS 
CONTACTS — 4 PDT (4 form C) 5A@ 
30 VDC 


SIZE — 1°42” D. x 12" H. 

WEIGHT — 3.2 oz. 

PULL-IN-POWER — 4% watt 
VIBRATION — 50 G, 10 to 3,000 CPS 
SHOCK, Electrical — 100 G minimum 


TYPE — CVE with patented rotary 
armature 


WRITE FOR DATA SHEET 7 


ope R Shot. Mel ie). 7-¥. [ed mi, [em 


A subsidiary of S. H. Couch Company, inc. 
3 ARLINGTON STREET, NORTH QUINCY, MASS. 
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Proved, Accurate, Reliable 


PROGRAMMING 


* Missile 
Guidance 

* Ground 
Check-out 

* Jet Engine 
Testing 

® Industrial 


13 CHANNELS — 4 HOUR PROGRAM 

Where precise timing, maximum flexibility, minimum size and weight are 
needed in a programmer that has proved itself in numerous field 
applications, Beattie-Coleman MLPR13 meets all requirements. Controls 
programs up to 4 hrs., 42 min. duration on 13 channels. Programs 
quickly changed by inserting new punched 35mm Mylar tape. Reliability: 
99.999%. Specified by Aerojet, Bendix, Convair, Douglas, Lockheed, 
Martin, North American, RCA, Ryan, Sandia and others. Send for catalog 
on this and other models to fit your needs, 


a 
Calien 





BEATTIE-COLEMAN, inc. 


1116 N, Olive St., Anaheim, Calif. * PR 4-4503 
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qT A LE A ; i | SONIC CLEANING SYSTEM 


FANS-BLOWERS 


FOR ELECTRONIC APPLICATIONS 


Hundreds of Models 
Fast Delivery 


Custom Design 
ENGINEERING 
McLEAN LABORATORIES 
World Leader in Packaged Cooling 
Princeton, N. J. * WAlnut 4-4440 
TWX Princeton, New Jersey 636 
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WRITE TODAY |=. .08@ 
44 Page Packaged 
Cooling Catalog 


New Model SEC-1420 Sonic Energy 
Cleaning System uses 1500 watts to 
transducers, matching rinse and dryer 
cabinets.—Pioneer Central Div., The 
Bendix Corporation, Davenport, Iowa. 
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RATIO TRANSFORMER 


Hy 

New Model RT-60, general purpose 
ratio transformer is a precision in- 
ductive ac voltage divider featuring 
high input impedance; operating 
range is 50 cps to 10kce.—Gertsch 
Products, Inc., 3211 So. La Cienega 
Blvd., Los Angeles 16, Calif. 
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AC TIMING MOTOR 


New 46100 Series reversible syn- 
chronous motor for operation on 115 v 
50 or 60 cps is offered in 150 dif- 
ferent output speeds from 300 rpm to 
1/6 rph, delivers 30-oz-in torque in 
either direction at 1 rpm. Fast start- 
ing, stopping and instant reversal are 
featured.—A. W. Haydon Co., Water- 
bury, Conn. 
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DIGITAL NOR MODULES 


Rae tease 
New U-Series Universal NOR Digi- 
tal Circuit Modules operate over the 
frequency range of 0 to 25 kes, meet- 


ing the requirements of MIL-STD- | 


202B. First Four units are: 1) Dual 
3-input NOR; 2) power driver; 3) 
converter unit to convert dual NOR 
unit into flip-flop, one-shot or free- 
running multivibrator; and 4) a pulse 
gate unit.—Engineered Electronics 
Co., 1441 E. Chestnut Ave., Santa 
Ana, Calif. 
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DELAY LINES 


New magnetostrictive delay lines | 


offering longer delays in smaller sizes 
and increased temperature 
will be demonstrated with a dynamic 
delay of pulses from a word genera- 


tor with a visual readout. Models 192, | 
157, 158 and 159 fixed output delay | 
lines, also adjustable time and multi- | 


ple output laboratory models will be 

shown at WESCON.—Deltime Ince., 

608 Fayette Ave., Mamaroneck, N. Y. 
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Semiconductor Testing Reduces 
Circuit Development Costs 


Six specific cost-saving applications of proper semi- 
| conductor analyzers, each application preceding actual 
circuit development, are: 

1) The determination of transistor characteristics un- 
der conditions not given on manufacturer’s specification 
sheets. Quick checks can provide needed information not 
covered in published data. 

2) Test of specific components to ascertain they are 
good, typical, units. Such a test should precede bread- 

RB AIO KT 


| board construction and also be repeated during develop- 
| ment to ensure that component characteristics have not 


been inadevertently changed. A breadboard may not 
work, not because the circuit is unsound, but because 
a component is faulty. Changing suspected parts is not 
enough. The writer once wasted three valuable days be- 
cause three 6SH7 tubes from new stock were defective. 
3) Selection of maximum and minimum units, as deter- 
mined by a parameter-measuring test set, in order to 
check circuit operation over the widest range of semicon- 
ductor performance that may be encountered. A set of 





high and low transistors, selected in the light of the re- 
quirements of the project, should be a constantly used 
development tool. 

4) Measurement of the distribution of gain, leakage 
and other values in semiconductor shipments as received 





| so that realistic compromises between circuit performance 


Decision as to 
limits, tolerance and type selection are much easier to 
make when based on definite knowledge of what varia- 
tions to expect. 


and semiconductor cost can be made. 


5) Salvaging of semiconductor components from com- 
pleted experiments for further experimental use (See 
Figure). It does not pay to take a chance on used, un- 
tested components, yet at least half will be found to be 





ranges | 


undamaged. A very modest development program will 
have annual savings of $500 or more. 

6) More rapid education of laboratory personnel in 
the ways of transistors and diodes and their variations 
with current, voltage and temperature. It is most instruc- 
tive to see the exact change in one parameter as another is 
varied, or as a warm soldering iron is held near the unit 
under test. New purchasers are invariably pleased to dis- 
cover the amount of information that Owen analyzers 
give with each test. The result is better circuits in less 
| time . . . (From 8-page brochure, Owen Laboratories, 
Inc., 55 Beacon Place, Pasadena, Calif.) 
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PERFORMANCE LIMITS 
FOR 
CABINET COOLING 
BLOWERS AND FANS 

















Air Temperature rise in deg. Foh. 
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Heat dissipation in kilowatts 


FIG. 1. Graphic Solution for Equation (2). 


Forced Air Cooling for 
Electronic Equipment 
Velocity of Air Required 


Local hot spots will be created if the air moves too 
slowly past concentrated heat sources. The heat to be 
removed must pass from the hot body to the cooling 
air through an air film surrounding the hot body, and 
this air film offers most of the resistance to the flow 
of heat to the air by conduction. The amount of heat 
removed from the hot body in BTU per minute is: 


Q = h-A(t» — ta), (1) 


where the film coefficient h. = 1+-0.22V, for V <16 
fps. h, = 0.53V°-8, for 16 <V 100 fps air velocity. 
A = hot surface area in square feet, t, and t, are the 
body and air temperatures in degrees Fahrenheit. 

Most components will be adequately cooled if there 
is an adequate amount of air to carry the heat away 
with a moderate rise in air temperature. 


Quantity of Air Required to 
Carry Away Heat 


The designers must know the amount of dissipated 
heat which they desire removed and the temperature 
rise desired for the coolant. The equation relating the 
variables is Q — MC, (A t), or the heat removed 
equals the weight of the coolant times the specific heat 
of the coolant times the temperature rise of the cool- 
ant. If this equation is applied to air at room condi- 
tions on a rate basis, it reduces to: 


Btu/hr —-3170kw __—siBtu/hr_ ___-:1760 kw 


cm =F 08(ate) (Ate) 1.94(at.) (Ate) 


(2) 





for the cubic feet of air required per minute when 
the heat to be removed is known in Btu/hr or kilo- 
watts and when the permitted average air temperature 
rise is known in Fahrenheit or Centigrade degrees. In 
order to insure adequate cooling in air pockets it is 
well to use about 25% excess air. A common design 
temperature rise is 10°C or 18°F. 
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PERFORMANCE 
LIMITS FOR 
412 SERIES 


STATIC PRESSURE, INCHES OF H, 0 


° 
° 100 200 300 400 


AIR DELIVERY CFM 
FIG. 2. TYPICAL packaged Blower Assembly de- 
livers 200 cfm at |'' H2O to 350 cfm at zero pres- 
sure differential, 


The graph (Fig. 1) enables the designer to solve the 
above equation graphically fer the required cfm when 
the heat dissipation in kilowatts of the equipment to 
be cooled is known and the average air temperature 
rise is selected. 


Air Pressure Required 

Differential pressures of several inches of water 
column are sometimes needed to force air at the 
desired velocity through small or high resistance pas- 
sages, which can be determined by analysis or test. 

It is costly to specify more differential pressure than 
needed because the driving power required increases 
very rapidly. This extra power requires an appreciably 
larger and heavier motor and often a larger and 
heavier cabinet or support. Pressures specified should 
not be in excess of actual needs. 

Vacuum tube assemblies normally provide enough 
free passage area for the air to flow so that the re- 
quired differential pressure is seldom over an eighth 
inch of water plus the pressure drop across the filter. 
The rating of McLean packaged assemblies (Fig. 2) 
is made with filter, grille, and enclosure in place. 
Miniaturized assemblies using solid state components, 
because of small clearances, often require higher pres- 
sures. . . . (From 42-page 21st anniversary catalog 
and design guide for Electronic Cooling Equipment, 
McLean Engineering Laboratories, Princeton, N. J.) 
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Cable Faults? 


RADA 


FINDS THEM 
FASTER 





Cable shorted at 

725 feet as seen with 
Smith-Florence cable 
fault-finder 


4 


SMITH-FLORENCE electronic fault-finders speed- 
ily solve electrical cable servicing problems by giving 
you a “picture” of exactly where the trouble is and 
what it is. Using the radar principle, these depend- 
able S-F instruments permit accurate ranging from 
only one end of the cable to pinpoint shorts and open 
circuits. S-F offers a variety of models with ranges 
from 200 feet to 100 miles for servicing in missiles, 
aircraft, ships, industrial plants and communication 
systems. Prices: $375 to $695. 

Get more details — including how you can use S-F 
fault-finders for other important jobs—by writing to: 


SMITH-FLORENCE INC. 


4228 TWENTY-THIRD AVENUE WEST, SEATTLE 99, WASHINGTON 
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ELECTRICALLY 
Variable 
Inductors 


Current 


controls 
Frequency 
into the MC Range... . 


Ideal for Sweep, Frequency Modulation, 
Remote Control, and Automatic Frequency 
Control. 


Dozens of models in stock for bread- 
boarding — “specials” easily tailored 
for new and unique applications. 


See us at WESCON Booth 4312, 
or write for Catalog M2 


Vari-L Company, Inc. 


mm 207 Greenwich Ave., 
= Stamford, Conn. 
= (203) DA 3-2176 
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RELCOIL NEMS 


NEWEST CONTRIBUTION 

TO THE ELECTROMAGNETIC 
COMPATIBILITY PROGRAM... 
RELCOIL RFI SUPPRESSORS 


Relcoil research, using the technique of locating the source of noise and 
attenuating RFI at its point of origin has developed a group of noise sup- 
pressors for switching circuit applications. 


Relcoil Suppressors have these distinct advantages: 


One Relcoil Suppressor replaces 
the usual load side and power 
supply side filters. 


Elimination of shielding of the 
suppressor and leads decreases 
weight, reduces cost considerably. 


Where the inductive load is a relay 
coil, the relay release time will be 
increased by a factor of no more 
than 2 to 1. 


Unique packaging encapsulates 
the suppressor in epoxy resin, pro- 
ducing an extremely light weight 
component. 


Contact life can be increased as 
much as 400% because of the in- 
herent capability of this device to 
reduce contact arcing. 


Currently Relcoil Suppressors can 
be applied with '/, ampere 28 VDC 
inductive loads. Insertion loss meas- 
urements have been made from 150 
Ke to 1,000 Mc. 





Prevention of leaks through 
switching circuits effects greater 
control of spurious frequencies. 


Write for RN data sheet. 


RELCOIL PRODUCTS CORPORATION 


AN AFFILIATE OF HI-G, 


INC. 


SPRING STREET AND ROUTE 75 e WINDSOR LOCKS, CONN. 


CIRCLE 63 ON READER-SERVICE CARD 


46 








WESCON Previews— 
SOLENOID VALVE 


New Three-way Two-position direct 
actuated poppet type Aircraft Qual- 
ity Solenoid Valve for use in rocket 
systems has been qualified for use 
with air, helium, hydraulic oil, hy- 
drogen peroxide, fuel, anhydrous am- 
monia, UMDH, IRFNA, etc., depend- 
ing on elastometers used in O-rings. 
—Solenoid operates at 17-30 v de.— 
Captive Seal Corporation, 121 Clinton 
Rd., Caldwell, N. J. 
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SELF-LUBE JOURNAL BUSHINGS 


és 


New plain self-lubricating journal 
bushings of stainless steel lined with 
“Dyfion” plastic alloy inserts are ca- 
pable of dynamic loads to 25, psi at 
low rotational speeds. Life at 10,000 
psi with speeds less than 150 ft/min 
is said to be practically unlimited, 
without galling, fretting or brinelling. 
—Southwest Products Co., 1705 So. 
Mountain Ave., Monrovia, Calif. 

CIRCLE 178 ON READER-SERVICE CARD 


POWER-LOCK HANDLE 


New Thumb-Action Power-Lock 
Drawer Handle ensures accurate 
alignment of rear connectors in cabi- 
nets housing electronic rack-mounted 
chassis. Cam action levers apply 6.6:1 
advantage in insertion and with- 
drawal of last %” of drawer travel. 
—Johnathan Manufacturing Co., Ful- 
lerton, Calif. 
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Low-Noise 
Traveling Wave Tubes 


The high reliability of G-E low-noise traveling-wave 
tubes makes them ideal for a wide variety of systems ap- 
plications of which only a few are listed. 


R-F OUTPUT 

CONNECTOR 
OUTPUT <S—— 
COUPLER. 


R-F IMPUT 
CONNECTOR 
' 


+b || eS 

+s; 77 = ] 

SC KH 
—~ ee! 

TUBE 

CAPSULE 


4 IS 
AR 
CONNECTOR / ELECTRODES 
7 A CATHODE 
2 » AND HEATER 
IMPEDANCE — CONNECTOR 
FOCUSING 
MAGNETS MATCHING HELIX # 
TUNERS CONNECTOR 


BEAM 


PERMANENT Magnet TWT Package in Cutaway View. 


Radar. Because of their inherent low-noise figure over 
large bandwidths, these tubes are especially suited for 
use as input tubes in radar receivers. Also, due to their 
saturation characteristic, they protect the crystal mixer by 
isolating it from the high-power components of the radar 
system. 


Countermeasures. The wide spectrum and low signal-to- 
noise ratio permit rapid surveillance over the entire 
microwave spectrum in countermeasure equipments. 


Telemetering and Communications. Tuning linearity, 
amplitude control capability, and flat output character- 
istics permit considerable advances in new and existing 
telemetering and communications equipment. Pulse, 
amplitude and phase modulations are readily accom- 


plished. 


Missiles, Aircraft, Space Vehicles and Drones. Compact 
size, rugged construction, high reliability and packaging 
features make the tubes particularly effective in aero- 
space systems applications (see Figure). 

Other microwave applications for low-noise traveling- 
wave tubes include radio-astronomy, electronic mapping, 
relay systems, signal sources, and mixer and frequency 
dividers.—(From 16-page bulletin, “Low-Noise TWT,” 
General Electric Co., Power Tube Dept., Schenectady 5, 
N. Y.) 
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VARIABLE FREQUENCY GENERATOR 


New line of Variable Frequency 
3-Phase Electronic Generator covers 
output powers ranging from V.A. 
thru 3,000 V.A. Typical Model 150-3 
(illustrated) has frequency range of 
45 to 2,000 eps and a total output 
power of 480 V.A. Output distortion 
and regulation are less than 1%. 
Units are also available with stand- 
ard 350-450 C.P.S. frequency range. 
—Industrial Test Equipment Co., 
New York, N. Y. 
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CRYSTAL LAPPERS 


New precision planetary lappers 
for semiconductor crystal processing, 
are capable of lapping both faces of 
a slice simultaneously with parallel- 
ism in the order of 0.000005” from 
the center to the edge of the slice. 
Model PL-2875-B (illustrated) will 
lap 10 slices, up to a maximum size of 
1%” diameter or 60 smaller sizes, to 
a thickness of 0.008”.—Dallons Labs., 
5066 Santa Monica Blvd., Los Angeles 
29, Calif. 
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ACCELERATION SWITCH 


- New Planar Ac- 

| celeration switch 

can be produced in 

unlimited variety 

of vector accelera- 

tion patterns, in- 

cluding reentrant 

curves, sensitive to 

pre-determined 

vector accelera- 

' tions in the range 

of 0.25 to 100 G.— 

Aerodyne Controls 

Corp., 90 Gazza Blvd., Farmingdale, 
ee 
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SWITCH-TIME TESTER 


New automatic switching time-test 
instruments to the semiconductor and 
computer industry covering times of 
1 nsec to 1 usec, includes an oscillo- 
scope with 800 mc bandwidth for ob- 
serving the actual switching wave- 
form.—Wiltron Co., 717 Loma Verde 
Ave., Palo Alto, Calif. 
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§6) Progress In Hydrogen Thyratrons 
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Highest Registered Rating 
Now Available from G.E. 
In an Air-cooled Tube 


The latest addition to General Electric’s expand- 
ing line of hydrogen thyratrons is now available for 
pulse applications such as radar modulators and 
linear accelerators. Developed under U. S. Army 
Signal Corps contract, the GL-7890 achieves an anode 
dissipation factor of 55 x 10° and has a peak anode 
voltage rating of 40 kv. The tube can now be 
operated water-cooled or air-cooled at full ratings. 


COMING: INCREASED CURRENT AND VOLTAGE CAPACITY 

Now in the late stages of development, the Z-5212 
will further increase voltage and current-carrying 
capacity in hydrogen thyratrons. Peak anode voltage 
rating for this tube will be 50 kv with an average 
current rating of 8 amp. General Electric’s Power 
Tube Department will welcome your requests for 
technical data on the Z-5212. 


TEMPERATURE INDICATING DEVICE ON GL-7390A 

The first high-power 
ceramic-metal hydrogen thy- 
ratron, General Electric’s GL- 
7390, is now being built to 
MIL specifications. A modified 
version of this tube, the GL- 
7390A, is equipped with an 
integral anode temperature 
indicator for convenient read- 
ings. Both the GL-7390 and 
the GL-7390A have ratings of 
33-kv peak anode voltage and 
4-amp average current. 


& 


y 


GL-7390A 
HYDROGEN THYRATRON BULLETIN AVAILABLE 
For a comprehensive anal- 
ysis of the theory and applica- 
tion of hydrogen thyratrons, 
write to the Power Tube De- 
partment, General Electric 
Company, Schenectady, N. Y. 
Ask for Bulletin PT-49. To 
order, or obtain more informa- 
tion on hydrogen thyratrons, 
contact your nearest Power 
Tube sales office. Phone num- 
bers are listed below. 


265-09-9545-8481-36 


Gemenar @ cuccrace 


POWER TUBE DEPARTMENT 


GENERAL @@ ELECTRIC 


TELEPHONE TODAY—Syracuse, OL 2-5102 . . . Clifton, N. J., GR 3-6387 

. .. New York City, WI 7-4065 . . . Washington, D. C., EX 3-3600 . . . Chicago, 

SP 7-1600 . . . Dayton, BA 3-7151 . . . Orlando, Fla, GA 4-6280 ... 
Los Angeles, GR 9-7765. 











Electrical and Electronic 
Test Equipment Data Handbook 


Here is an invaluable aid to engineers, government personnel, contractors, purchasing agents 
and electronic equipment buyers in selecting specific test equipment. Eleven books, describing 
over 1600 test equipments, categorized in 19 functional classifications. This new, revised edition 
of the T.E.D. Handbooks will definitely save a countless number of technical man-hours and 
research dollars. Order yours now. 

$200. 


COMPLETE SET 


FRC pays postage on pre-paid orders. 
In the case of purchase orders, f.0.b. Wheaton, Md. 
For complete information write 


FREDERICK RESEARCH 
CORPORATION 


WHEATON, MARYLAND 
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Computer Circuit Performance 


enhanced by Kelvin Series “O” 


precision resistors ——— 


AN TEED STABLE 
RANTEED STABL 
nee AND LATER! 


é 2h PEE RARE 


pie et 
Kelvin’s new high performance Series ‘‘O’’ resistors, designed and manu- 
factured under laboratory conditions, are specifically intended for applications 
requiring long term electrical stability of the highest order. 


Guaranteed stability: 003% per year max. under reasonable environmental 
conditions; Temperature coefficient range: .001%/°C max., .0001%/°C min.; 
Standard accuracies: to +.005%; Matching or ratio accuracies: to +.002%; 
Rise time characteristics: as low as .05 micro-seconds for 100K ohm range; 
Wattage range: .15 watt to 2.50 watts; Resistance range: .1 ohm to 15 meg- 
ohms; Physical size range: .187 dia. x .375 length to 1.000 dia. x 2.125 length. 


These units feature ‘‘relaxed,"’ pre-aged windings, all welded terminations and 
unique encapsulation techniques which ensure accuracy both now and later! 
Your inquiry is also invited concerning RESISTIVE NETWORKS in prototype 
or production quantities available in virtually any arrangement of values and 
physical configurations to meet the most exacting specifications. 


E KELVIN 
ve ELECTRIC COMPANY 


principal cities 
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5907 Noble Ave., Van Nuys, Calif., TRiangle 3-3430 
—ww— New York: Yonkers, 916 McLean Ave., BEverly 7-2500 





SCHERING BRIDGE 


New Hartmann & Braun SCHER- 
ING BRIDGE Model MES 8 for ac- 
curate measurement of the dielectric 
loss factor tan delta and the capaci- 
tance of ungrounded or grounded test 
objects at high and low voltage, and 
for the determination of the lielectric 
constant of solid and liquid insulating 
materials. 


Measuring range for capacitance is 
from 3 pf to 35 vf and for tan delta 
from 2 x 10° to 5.0. Shown in Booth 
3305-07.—Sole U. S. Distributor, 
E PIC, Ine., 150 Nassau St., New 
York 38, N. Y. 
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PRINTED CIRCUITS 


New technique in multi-layer printed 
circuitry providing space saving of 
60% requires no soldering, riveting 
or conductive pastes for cross-over 
connections. Cross-over connections 
are internal and metallurgically 
bonded to each other.—Scientific Com- 
ponents Div. of Intellux, Inc., 30 
South Salsipuedes St., Santa Barbara, 
Calif. 
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ULTRASONIC CLEANERS 


latte ned otal Yl 


New “SC” (semiconductor) self 
tuning generator (left) is controlled 
with former tube-model of same ca- 
pacity on right. Operating on 20-kc 
frequency, with powers rated at from 
100 to 2500-watts, in standard off-the- 
shelf line. Tank sizes range from 1 
to 25 gallons.—Acoustica Associates, 
Inc., 10400 Aviation Blvd., Los An- 
geles 45, Calif. 
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Gearhead Ratios 


The choice of a gearhead gear ratio is made by the 
servo-mechanism designer. The important considera- 
tion here is whether the ratio is selected on the basis 
of matching motor to load, or whether ratio is de- 
termined by considerations of loop gain. The list be- 
low summarizes some of the factors influencing the 
choice of gear ratio. Ample margin should be provided 
to account for variations in servomotor characteristics. 


Factors in Gear Ratio Selection 


1. When the reference signal varies at a relatively con- 
stant speed, the gear ratio should permit following at 


this speed. 


2. When the reference signal experiences sudden 
increments (high acceleration) the gear ratio should 
be selected to achieve maximum torque-to-inertia ratio 
at the output. 


7 
YO size ve 
- 
x Base ae aa. ia 

3. Where static accuracy or slow smooth following is 
a principal consideration, the gear ratio should ampli- 
fy motor torque so that the output torque is capable 
of maintaining the error within allowable limits. This 


gear ratio is usually inefficient in terms of power 
transfer to the load. 


4. When there are special requirements such as the 
ability to maintain simultaneously a specified velocity 
and acceleration, or the need for rapid reversal, or the 
requirement of minimum time to come up to speed, 
or a maximum allowable braking time, the gear ratio 
must be determined accordingly. 


5. When a specified friction load is to be carried at a 
given speed, (either a constant friction or a linear 
speed-varying drag,) the gear ratio should suitably 
match the motor maximum power output point to the 


load speed. 


Once the overall ratio is established, the gearhead 
manufacturer matches this as closely as possible with 
one of his standard models (See Figure). For this 
reason some tolerance is necessary on the specified 
ratio. An “exact” ratio requirement, calling for a 
non-standard gear design, costs more than an approxi- 
mate yet suitable ratio. Timing devices driven by 
synchronous motors, and integrating motor tachome- 
ters, however, often require exact ratios. (From 25- 
page catalog 600-1, Precision Gear Heads, Speed Re- 
ducers, Servo Systems, Gear Trains,” Superior Manu- 
facturing & Instrument Corporation, 36-07 20th 
Avenue, Long Island City 5, New York.) 
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AUTOMATIC COUPLINGS 






New series automatic couplings for 
fuel, hydraulic, oil, and gases feature 
a modern locking mechanism actuated 
by a simple “push-to-engage” and 
“pull-to-discharge” motion include: 
Series “E” for electronic cooling sys- 
tems; Series “A”, premium reliability 
series, for aircraft and missile appli- 
cations, and Series “C” for standard 
industrial and commercial applica- 
tions—Exeter Connectors, Inc., 93 
Court St., Exeter, N. H. 
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DATA ACQUISITION SYSTEM 


its 


New Model 87-210-01 Input Station 
receives card, badge, variable, fixed 
and remote data, and transmits it to 
a DL-210 Central Recording Station. 
The input station includes a reader 
capable of receiving up to 80 digits 
of pre-punched card data and 10 
digits of pre-punched badge data.— 
Datex Corp., 1307 S. Myrtle Ave., 
Monrovia, Calif. 
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MAGNETIC LATCHING RELAY 


New series AM micro-miniature 
sealed relays are magnetically latched 
for operation from short power pulses. 
New “Matched action” prevents slug- 
gish action. Both single-and-dual-coil 
units are available-—General Electric 
Company, 392 So. Stratford Rd., Win- 
ston-Salem, No. Carolina. 
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DIGITAL VOLT-OHM METER 


New Model M25 5-Digit Voltmeter 
—Ohmmeter measures voltage with 
an accuracy of +0.01% of reading +1 
digit in ranges of +9.9999 to 999.99 
volts, voltage ratio in ranges of .99999 
to 99.999, and resistance in ranges 
of 9.9999 to 999.99 kilohms.—Non 
Linear Systems, Del Mar, Calif. 
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Paul McVicker, right, head of engineering records and reproduction at Chrysler Corporation Mis- 


push the button 
and copies flow! 


sile Division, points out to assistant, Jerry Cracchiolo, the high quality and contrast of a xerographic 
print reproduced by a Copyflo® 24 continuous printer (inset, right) from a microfilmed copy of 
original drawing. Each microfilm frame is mounted in a die-cut aperture of a data-processing card. 


Chrysler speeds missile-drawing reproduction 


through xerography and unitized microfilm 


The Chrysler Corporation Missile Divi- 
sion, prime contractor for the U.S. 
Army-developed Redstone and Jupiter 
ballistic-missile systems, is using a 
highly developed unitized microfilm 
system to speed the reproduction of 
thousands of different engineering 
drawings daily. 

In a unitized microfilm system, origi- 
nal drawings are microfilmed and the 
individual microfilm frames mounted 
in die-cut apertures of data-processing 
cards. From the cards, dry, positive 
prints ready for immediate use can be 
turned out automatically by xerogra- 
phy on a Copyflo 24 continuous printer. 
The cards are maintained in a com- 
pact, readily accessible file. 


At Chrysler, more than 3% million 
drawings have been microfilmed and 
mounted ! 

The Copyflo 24 continuous printer 
operates on the electrostatic principles 
of xerography, and at a reproduction 
speed of 20 linear feet a minute. It en- 
larges microfilm frames to a maximum 
width of 25 inches on ordinary paper. 
The quality of reproduction is superb. 

Chrysler’s unitized microfilm system 
has achieved great economies in time, 
money, space, and materials. Working 
files, for instance, have been reduced 
as much as 95%, since aperture cards 
occupy only a fraction of the space 
needed for original drawings or con- 
ventional reproducibles. 
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You needn’t have reproduction vol- 
ume like Chrysler’s to attain propor- 
tionate savings. You can set up your 
own unitized microfilm system on a 
modest scale that can provide signifi- 
cant savings, Why not let us show you 
how you can speed paperwork du- 
plicating and save money? Write to 
XEROX CorPorATION (formerly Haloid 
Xerox Inc.), 61-201X Haloid Street, 
Rochester 3, N. Y. Branch offices in 
principal U.S. and Canadian cities. 
Overseas: Rank-Xerox Ltd., London. 


XEROX 


CORPORATION 





LABORATORY ACCURACY - MILITARY RUGGEDNESS FREQUENCY STANDARD | SLIP-RINGS 


IMPEDANCE BRIDGE FEMME xesircun 


ASSEMBLIES 


designed and built to 


New 3ETO42 low-2 : level your performance 
ew ow-drive-level, cur- : : 

rent limiting osciillator designed for specifications 
laboratory or plant environment for © Single-circuit or 
frequencies up to 5 me, also new multi-circuit 


crystals, crystal ovens will be dis- 
* AC and DC played at Wescon.—James Knights © Low-current or 


. Co., Sandwich, Ill. high-current 
Resistance CIRCLE 193 ON READER-SERVICE CARD © Drum-type 


or pancake 
RATE TABLE DRIVES > wale 
* Inductance Tach generators are available over external rings 
a wide range of voltage gradients. | ‘ 
and Storage Combination torque motor-tach gener- | © Continusus or 
Factor ator units assembled in their own segmented 
housing, completely shielded and | Bulletin 61-01 gives details of representa- 
mounted in precision bearings are also tive Electro Switch os oo and 
is available for mounting directly to includes a convenient check-list for a 
* Capacitance test tables. The life of such equip-|  switchi specifying slip-rings and rotary 


switching and selector assemblies. Write 
and Dissipation Factor 





ment is in excess of 5000 operating today for your free copy. 
hours without overhaul of mainte- | 
nance.—Inland Motor Corporation of Ee 8 ECT RO Ss W4 | TC H 
Virginia, Subs. of Kollmorgen Corp.., | ea 

The Model ZB-1 provides for measurement of Northhampton, Mass. | wpcapey Sar Osterville, Massachusetts 
AC and DC resistance, inductance and storage factor, capaci- CIRCLE 194 ON READER-SERVICE CARD | weve t 
tance and dissipation factor. It is a laboratory instrument in CIRCLE 69 ON READER-SERVICE CARD 
accuracy, range and versatility in addition to being compact, MAGNETIC AMPLIFIER " ie Heo ‘ 
portable and ruggedly constructed. It meets all the require- eee one | 


ments of the Military Impedance Bridge Model AN/URM-90. j ee =j a ae) -] =e 


provides a 5 v de po- | 
larity-reversible out- | 
| put with low level | oa 
= inputs such as ob- | ie PME 
SPECIFICATION §$ * tained from thermo- | i 
RESISTANCE secscsensnsnsn 0.001 ohm to 11 megohms A-C or D-C (8 ranges) | couples, strain gages | Sia a 

CAPACITANCE waves 1 uf to 1100 uf (7 ranges) 4 and photocells. In- 
INDUCTANCE 1 uh to 1100 h (7 ranges) put winding resist- 

saa 0.001 to 1.0 at 1 KC ) Provision for external * ge ance is temperature 
Wo eiscsabesinenitecasensneioensevedbbers 0.02 to 1000 at 1 KC extension kad stabilized for opera- 


ACCURACY tion from —40° to 
RESISTANCE 0.1 oh 0.35% INDUCTANCE 100 uh and below 2 uh 85°C. Requires only 2 watts power 
.1 ohm range = 9 uh an elow = a 
100 Kohm range 0.2% 10 hand above +10% from 115v 400cps supply.—Airpax 
All other +0.15% All other +1% Electronics Incorporated, Seminole 
D FACTOR + (5% +0.0025) Div., Fort Lauderdale, Fla. 


CAPACITANCE 100 uuf and below +2 uuf . CIRCLE 195 ON READER-SERVICE CARD 
100 uuf range (above QFACTOR tolOhy ~ (5% +0.0025) 


100 uuf) +2% at 100 hy * 2(5%+0.015 ) 
All other +0.5% aie. \ Sonia tehsil » a VALVE 
- ew 
INTERNAL OSCILLATOR FREQUENCY....1 KC 1% : aon tice Series e is . : 
10 V at 250 ma. (D-C Low) f , 

INTERNAL D-C SUPPLY {200 ¥ at 10 ma (D-C High} ee Valves control 
INTERNAL DETECTOR .........00000« we Response flat or selective at 1 KC; sensitivity control provided. : flow from hot and 
POWER LINE ....c0csssescsessseresereeeseeneseereers 215 volts, 50-1000 cycles, 18 watts. di ; * 
DIMENSIONS ......ccccosccscssscsesenseseeesnseeee LOMA” X 11Y4" x 11%4" overall with cover. | cold inlet ports 
WEIGHT vw 21 Ibs. : my through cylinder 
ACCESSORIES SUPPLIED ...................... Set of red and black test leads (19” long) with 2 alligator clips. ‘ sy) segment which ro- 

: = tates on bearings. 
Ball bearing sus- “2 


of high psn m POWERTRIM “ADJUSTABLE POWER RESISTOR 


specifications write servo motor with eM 
‘emmy electrical leads brought out through lown time nec ur o burn o1 ck hazard 
4 glass header. Motor, gears and valve ower rating—up to 20 watt 
Industrial TOLL 4 operate at system pressures up to ; 
3000 psi—Aerodyne Controls Corp., 
89 COMMERCE ROAD, CEDAR GROVE, N. J. 90 Gazza Blvd., Farmingdale, L. I., VAD INVAR ELECTRONICS CORP. 
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Modulation and Demodulation 
Using “Chopperettes” 


VECO “Chopperettes” are completely transistorized 
switching devices, designed to perform low level modu- 
lation (chopping) or demodulation. Bring solid state 
devices, there are no contacts to bounce, chatter, pit 
or wear, and have insignificant cross-over time with 
dwell periods approaching 180° up to 5 ke. 

“Chopperettes” operate from de to 5 ke with excel- 
lent results, and up to 100 ke within limitations im- 
posed by required linearity. When ultra linear (.05% ) 
transfer functions are required, square wave 50% 
duty cycle driving voltages should be employed. 


VECO CHOPPERETTE 1,000 Ov POTENTIOMETER 


‘ 


SQUARE WAVE OF 
SINE WAVE 
VOLTAGE ORivE 


OUTPUT LINEAR 
(TH INPUT 
WHEN R. 2m Ris 


FIG. 1. CHOPPERETTE Modulator Circuit. 


MOPPERETTE 
1,000 Orit POTENTIOME TER 





Eo Eo 1S & LINEAR RAMP 
€, POLARITY OF OUTPUT IS 
+ A FUNCTION OF PHASE 
ya ¢ To o 


FIG. 2. CHOPPERETTE Phase sensitive Demodu- 


lator. 


Basic applications are shown in Fig. 1 and 2. The 
1000 ohm potentiometer of provides a null balance 
between the two transistors. Minimum switching noise 
can be attained by shorting terminals one and five to 
ground and adjusting the potentiometer until a mini- 
mum voltage is observed across R,. The use of a high- 
quality, low-noise level VTVM with proper shielding 
is suggested for this measurement. 

As in any low level circuit, precautions should be 
taken to prevent stray pick-up. Low impedance (under 
200 ohms) driving circuits are suggested where am- 
bient electrical noise levels are high. 

Transformer choice is based on circuit application. 
Transformers ranging from inexpensive 6.3V filament 
types to sector wound, low coupling-capacity toroids 
have been used successfully. In transferring square 
wave energy from primary to secondary, droop will be 
a function of transformer open circuit inductance and 
load impedance. Since optimum performance is guar- 
anteed only on “flat” square wave drive, and by vir- 
ture of the fact that all transformers will allow pulse 
droop, the use of back-to-back Zener diodes is recom- 
mended to reshape the drive square wave . . . (From 
4-page brochure, Form V383B, Victory Engineering 
Corporation, P.O. Box 373, Union, N. J.) 
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New PHD-1200 
High Density 
Magnetic Digital 
Tape System 
reads and writes 
tapes at packing 
densities of 1,200 
bits/inch with 
transient error 
rates less than 1 
bit in 10° and 
permanent error 
rates less than 1 
bit in 10°.—Pot- 
ter Instrument 
Company, Inc., 
Sunnyside Bivd., 
Plainview, N. Y. 
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WHISPERING AIR FAN 


New Series 599YS Aximax fan de- 
signed for extremely low-level noise 
when operating on 115 v 60 eps single 
phase power moves approximately 
24 cfm at free delivery. Servo ring 
mounting is only 3” diameter, 24” 
deep.—Rotron Manufacturing Co., 
Inc., Woodstock, N. Y. 
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DIGITAL MULTIMETER 


sina 


New digital multimeter combines a 
Voldicon V16-AD basic voltage to 
digital converter with a multi-pur- 
pose signal conditioner and program- 
ming accessory modules to measure 
absolute ac or de values or voltage 
ratios between de and de, ac and ac 
or ac and de in any combination. 
Operating modes and ranges may be 
selected by manual switch or by re- 
mote signal programming. Unlimited 
applications in automatic checkout 
systems.—Adage Incorporated, 292 
Main St., Cambridge 42, Mass. 
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OF TERMINALS IN EECO’S 
PLUG-IN TEST SOCKETS 
NOW AT STANDARD PRICES 


New techniques now make possible: Sockets 





for rapid testing of solder-terminal compo- 
nents, such as relays, transformers, capaci- 
tors, etc., furnished by EECO to your 
requirements at standard socket prices! 
Dual, isolated contacts for each terminal on 
header eliminate solder joints or clip leads. 
AS Series adapter sockets, $15.00 + .50 per 





pin in lots of 1-4. Substantial price breaks 
on quantity orders. More than 50 standard 
configurations available for immediate 


AS-113-8 delivery. 
& te SEND FOR CATALOG AS-1 





AS-112-14 & AS-102-20 





Automation Division 
Electronic Engineering Company of California 


1601 East Chestnut Avenue ¢ Santa Ana, Calif. « Kimberly 7-5501 ¢ TWX: S ANA 5263 
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This new Universal Bridge adds to the wide variety from which 
an engineer must choose. But Model 1313 has both 144% 
P\oroitig-lon\mer-lale Mm Oli g-10n aad -7-[el0]0) ommorelaale)ial-t-Mmall-4ameltletglaaliar-l¢cela) 
rT aa => <or-) 9) 4lelar-1M-t-1-1-Me) Mt t-1-mm Bl-) cence) ae. (C1 OME'T-lal-lel(-Mig-re ltl -lalen" 


fo) ol-1¢-)delam-lalemielalendielal-lm-)9alla)-@-1e-M- Lm ellet-mi-t-el lg + 


1H to 110H, 7 decades 
luxF to 110uF, 7 decades 
Rigs 2 to 110M, 8 Decades 
Accuracy: .. . %4% 
Discrimination: 5000 div'ns/ Decade 
Frequency: 1Kc, 10Kc. 100 cps to 20Kc 
with ext. osc. 
. Direct—no multiplying 
factors 


Readout 


MAKE NO MISTAKE 
MEASURE WITH 


111 CEDAR LANE e ENGLEWOOD, NEW JERSEY 
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NEW 


ALL-TRANSISTOR 
ie a FAILURE ALARM 


Type 256, Model 1 instantly 
detects and tells you about any 
signal failure, no matter 

where it occurs. Installed in a 
communications item, it 
detects any loss signal and 
immediately lights a lamp 

on its front Panel and actuates 
the “remote” alarm circuits 
controlled by contacts of the alarm 
relay. Gradual signal or power 
deterioration may also be detected 
before it gets too serious — by 
pre-setting the threshold control 
to the desired level. 


prep o's P) ; Wl Y 
Norv; (ERY rt, | DLO (CON IEAW Es 2 


147 West 22nd St., 


New York 1] 
In Canada: Northern Radio Mfg. Co., Ltd. 1950 Bank 


i ole ola 
St Billings Bridge 
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DEL ELECTRONICS CORP. 
INDUCTOSYNS® 


Angular accuracies of | to 5 arc seconds 
in packaged units using metal or glass 
transducers 


Complete engineering and production facilities 
to meet your system requirements. 
3"—7"—12" Packaged Units 
Special sizes to specifications. 


available— 


For further information, Write or Phone Inductosyn Dept. 


| WESCON Previews— 


| transistors tested on the 
| labeled 








Suitable For 


Missile Control 

Gyro Pickoff 

Rotary Table 

Dividing Heads 

Gyro Test Stand 
Analog Computer 
Navigation Systems 
Star Tracker Readout 
Gyro Compass Readout 
Stable Platform Control 
Analog-Digital Converter 
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New Transistor Fault Counter Mod- 
el C-10 displays the total number of 
indicator 
“STARTS”. Indicators 1-10 
display the number of transistors 
which do not pass tests 1-10, which 
may be standard transistor measure- 
ments, such as ICBO, IEBO, VBE, 
VCE Sat., HFE, alpha, beta, ete.— 
Optimized Devices, Inc., 864 Franklin 
Ave., Thornwood, N. Y. 
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LOAD TRANSDUCERS 


New Load Cells designed to meas- 


| ure both tension and compression in 


seven models with full load ratings 


| from 1000, to 100,000 pounds are 


standard. Temperature compensation 
provides high stability in rapid 
changes in temperature, even where 
there is a steep temperature gradient 


| across the transducer. The units can 
| be used without damage from —300°F 
| to 750°F.—Microdot Inc., 
| dena Ave., 


200 Pasa- 
South Pasadena, Calif. 
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HIGH PERMEABILITY 
MAGNETWIRE 


New Netic, Co-Netic AA a Co- 
Netic B alloy wires with high perme- 
ability offer a lower reluctance path 
to the magnetic flux concentrating the 
field in transformer and other in- 
ductance applications. For a given 
coil or transformer, the number of 
turns and wire diameter can be re- 
duced and still result in an equivalent 
resistance and inductance.—Magnetic 
Shield Div., Perfection Mica Co., 1322 
No. Elston Ave., Chicago 22, II. 
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BRONZE COATED piston rod in pireee sales 
affords increased bearing life. Factors in bearing 
life computation are increased bronze wearing 
surface ratio and enhanced lubrication factor. 


Bearing Bronze now Applied 
to Piston and Guide Rods 


In conventional reciprocating bearing applications, all 
of the wear is concentrated on the short length of bear- 
ing material within the support bushings. A new method 
of applying the bronze bearing material to the large 
area of the shaft instead, and called Bronze Case, has 
been developed by the Thomson Industries, Inc., of 
Manhasset, L. I., N. Y. 

The bronze fusing is accomplished by a high-tempera- 
ture spraying operation which forms a controlled porosity 
coating of high quality bearing bronze on the surface of 
the steel rod. The coated rod is then ground and straight- 
ened to very close tolerances. 

Because of the porosity of the bronze coating, a large 
amount of lubricant is retained on the relatively large 
shaft surface. The increase in life of the new type bear- 
ing over conventional types is shown by a simple calcula- 
tion. 

The factors determining the life of the reciprocating 
bearings are given in the formula 

= a Fi = % Increased Life. 
where x — y = length of stroke, y = bushing length, and 
F,, is a lubrication factor, which expresses the improve- 
ment due to greater lubricant storage and to the fact that 
the lubricant is not pushed to the end of the stroke. 

Comparative tests have shown that the F,, factor is a 
function of the frequency and amount of lubrication ap- 
plied to the shaft surface. In applications providing fre- 
quent and copious lubrication, the F,, factor can be as 
low as 100, which means no improvement over that 
provided by the x — y/y ratio. In the case of infrequent 
lubrication, an F;, factor of 444 is indicated. In the 
example shown in the figure, an F;, factor of 222, which 
assumes periodic lubrication under average conditions, 
was used. Thus, in this application, life is increased more 
than ten-fold. 

Standard hardened steel die set bushings are used with 
Bronze Case rods in many applications. Standard drill 
bushings are also excellent. Both these types of bushings 
are available from stocks of local die supply or mill sup- 
ply houses. (From 2-page bulletin “Bronze Case” Thom- 
son Industries, Inc., 1029 Plandome Road, Manhasset, 
L.1., N. Y.) 
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Sun Sensor 


; 


ATTITUDE ORIENTA- 
TION toward the sun is 
automatically provided by 
new sun sensor which feeds 
displacement signals to 
actuate space craft stabili- 
zation controls. Sensor is 
2\/,"" in diameter, 5" long 
and weighs only 5!/ oz, 
complete with its own pre- 
amplifier. 


A novel Sun Sensor, developed by the Eclipse-Pioneer 
Division of the Bendix Corporation, Teterboro, N. J. As 
a precise means of sensing and locking to the sun for 
space craft attitude control and orientation, will be on 
display at WESCON 1961. 

The Sun Sensor utilizes a single four-section photode- 
tector as its only active element, combined with a unique 
optical system to provide proportional displacement error 
signals. The error signals are amplified to actuate stabili- 
zation controls such as the Bendix Reaction Wheel. The 
Sun Sensor is a primary reference for attitude, with an 
accuracy of +0.05°. 

The active element is a circular four-section array of 
balanced silicon photovoltaic cells mounted on a heat 
sink. Outputs of the individual cells are summed to pro- 
vide x-y coordinate information. The optical system pro- 
jects sunlight on the detector elements to produce output 
signals. This is achieved through four light pipes that are 
arranged above the detector elements, each pipe having a 
coverage area of 90° in azimuth and 82.5 degrees in eleva- 
tion. The pipes are spiralled 180° to obviate the need for 
an image-inversion lens. 

The sunlight incident upon the face of the pipes is 
directed to the outer periphery of the appropriate detector 
elements. The amount of light transmitted and therefore 
the signal outputs are in inverse proportion to the sun’s 
elevation angle. Through proper shaping and diffusion 
coating, the optical gains of the light pipes and the apera- 
ture are matched so that there is no irregularity in output 
as the sun traverses from horizon to null. 

Since at null each of the four detector elements has 
an output, a self checking feature may be incorporated. 
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HIGH TEMPERATURE DIODES 


Three new ceramic, inert 
gas-filled diodes designed to 
operate in 500°C ambients 
are also resistant to nuclear 
radiation. Pictured from 
right to left: The 10-amp 
Z-5437, the 2-amp Z-5434 and 
the .15 amp Z-5365, all avail- 
able in sample production.— 
Power Tube Dept., General 
Electric Co., Schenectady, 
N. Y. 
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EPITAXIAL HI-SPEED SWITCHES | |) 


ts 
& 


New compact TO-18 series (NS-381, 
NS-382, NS-383 and NS-384) NPN 
Silicon epitaxial switching transistors 


feature fast switching speeds, high | 


breakdown voltages, low saturation 
voltages, and low output capacities.— 


National Semiconductor Corp., Dan- 


bury, Conn. 
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PANCAKE RESERVOIR 


é ee ted 
New high precision pancake resolv- 

er for use with stable platforms, has 

integral bearings for direct mounting 


to the gimbal and has functional ac- | 


curacy to 10 sec of arc. Performance 
specifications on request.—Reeves In- 
strument Corp., Subsidiary of Dynam- 
ics Corp. of America, Garden City, 
a? 
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SEAL BUTTON CAPACITOR 


New welded seal button mica ca- 
pacitor, with solder-free design per- 
mits operation at higher ambients and 
allows high temperature soldering in- 
stallation techniques. Capacitance val- 
ues to 1500 pf are available at 500 
wvde in a variety of mounting con- 
figurations, exceeding the require- 
ments of MIL-C-109500B.—Sangamo 
Electric Co., Springfield, Ill. 
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VARIABLE SPEED DRIVES 


ne ee ee ome 


New “400 Series” Zero-Max vari- 
able speed drives for fractional h-p 
applications feature overload protec- 
tion, new slipless lever-controlled 
speed setting, and improved venting 
of the motor. Information on request 
covers over 250 types from % to % 
hp.—The Zero-Mazx Co., 2845 Harriet 
Ave., South, Minneapolis 8, Minn. 
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Packages and circuits—General Electric custom designs both 
Unique service offers distinct advantages over in-house manufacture 


@ Lower product development cost 
@ Reduced component inventory 
@ Immediate availability of personnel and facilities 


Innovative engineering and skilled manufacturing are combined 
by General Electric to custom design your component package, fre- 
quently faster and at lower cost than in-house production. Encap- 
sulation materials, selected from a variety of compounds, afford 
strength, resiliency, thermo-conductivity, and extreme environ- 
mental protection to meet exacting military specifications. Exten- 
sive electrical and environmental testing, precision tooling, and 
proved assembly techniques further ussure over-all reliability for 
optimum circuit performance. 


Available in a wide range of package configurations and suitable 
interconnection and mounting arrangements, General Electric 
high-density, lightweight modules are created for defense appli- 
cations where component miniaturization is essential. When re- 
quested, original circuit engineering is also provided, enabling 
design and manufacture of your entire component—from initial 
circuitry development to final mechanical packaging. 


For price and delivery quotations write Specialty Devices Opera- 
tion, Section 170-10. 


Diode-Resistor Matrix 


The 3.125 cubic inch module shown right—in- 
corporating welded interconnections, reliable 
connectors, and nearly 500 components—was 
designed to customer specifications for installa- 
tion in advanced missile telemetry equipment. 
Representative of a typical challenging design 
probiem, it demonstrates the careful selection of 
materials and components, quality control, and 
in-process test and inspection offered by General 
Electric's custom packaging service. 


DEFENSE SYSTEMS DEPARTMENT 
DEFENSE ELECTRONICS DIVISION 


GENERAL @@ ELECTRIC 


SYRACUSE, NEW YORK 
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it SERVO Amplifiers had 





ACTUAL SIZE 


Look at these 
gyre an 


POWER OUTPUT SW 
+3db 10 cps—30 kc 

<1% THD AT 2 WATTS 
FEEDBACK > 20db 

GAIN MARGIN > 20db 
PHASE MARGIN > 90° 
TEMP. RANGE —55+125'C 
EFFICIENCY > 65% 


VOLUME = 1% CUBIC INCHES 


CPPC’s new 5 watt servo amplifier provides a unique com 
bination of exceptional stability and miniature size. Built 
around a DC amplifier with high frequency cutoff above 30 
kcps, the SA 5601 provides uniform response over its full 
operating range. With a 10 km input resistor the SA 5601 
yields a voltage gain of 54 + 1 db from —55° to + 125°( 
with all signal levels below saturation, and supply voltage 
of 56 + 3 volts. Idling power is under | watt 

Designed to drive any size 8, 10 or 11 servo motor with a 
26 volt control-phase rating, the SA 5601 is available off 
the shelf with stud or screw mounting. A regulated supply 
of the 56 VDC power required for the SA 5601 operating 
from 115 V 400 ~ and providing a 26 V AC tap for motor 
and synchro excitation is available in a similar package 

For information phone or write: Area 215 MAdison 2-1000, 
TWX LNSDWN, Pa. 1122(U)—or our Representatives. 


CLIFTON PRECISION PRODUCTS CO., INC. 


Clifton Heights, Pennsylvania 


TYPICAL BODE PLOT 


PHASE 














cppe 


SYSTEMS DiViSION 
a 
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CHASSIS FIXTURE 


<— * 


New TD Model A holding device 
positions and transports electronic 
chassis for assembly, test and service. 
Features include adjustable height, 
fast action clamping, nylon glides and 
adaptability to wide range of chassis 
sizes.—Technical Devices Co., 11242 
Playa Crt., Culver City, Calif. 

CIRCLE 211 ON READER-SERVICE CARD 


54 


POWER TRANSISTORS 


tt ee 


Two new high power transistors, 
types 2N1015 and 2N1016 diffused 
junction, NPN silicon devices are 150 
watt, single-end stud types with col- 
lector-emitter voltages of 100 v; sat- 
uration resistance of 0.5 ohms; mini- 
mum beta of 10 @ 5 amps.—Silicon 
Transistor Corp., Carle Place, N. Y. 
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MODULAR COOLING PACKAGE 


New DELTA-T Model FCA-800 
Semiconductor Cooling Package offers 
thermal resistance as low as 0.5° C/W 
per semiconductor. Low head loss per 
unit length and electrically isolated 
aluminum quandrants permit con- 
struction of multiple station packages. 
—Wakefield Engineering, Inc., 414 
Main St., Wakefield, Mass. 
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WIRE MARKERS 


New E-Z-Code Self-Laminating 
Wire Markers protect markings from 
all conventional greases, chemicals, 
etc. When coded marker is applied 
to wire the remaining protective clear 
portion wraps around itself, causing 
it to laminate permanently over the 
coded area thus protecting itself. Bro- 
chure, samples on request.—Westline 
Products Div. Western Lithograph 
Co., 688 East 2nd St., Los Angeles 
54, Calif. 
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FREQUENCY COMPARATOR 

: New all- 

solid-state 

Frequency 

Comparator, 

Type 35-2001, 

accepts any in- 

put frequency 

from 1 cps to 

50 ke, com- 

pares it with 

precision re- 

ference oscil- 

lator. Differ- 

ence in fre- 

quency results 

in output signal proportional to error 

to actuate control device.—Daystrom- 

Wiancko Eng. Co., 255 North Hal- 
stead Ave., Pasadena, Calif. 
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FIG. |. VAN-DE-GRAAFF Particle accelerators being as- 
sembled in Sterilshield Workspaces at High Voltage 
Engineering Corp., Burlington, Mass. 


Dust-Free Production Aids 


Modern technology's demands for “impossible” pre- 
cision and purity are being answered by dust-free 
workspaces, dry boxes, and pre-fabricated dust-con- 
trolled rooms produced by the Baker Company, engi- 
neers and manufacturers of Clean Room facilities. 

Dust-Free Workspaces. Four standard models of 
the Sterilshield Workspace (Fig. 1) make precision 
assembly work possible in hitherto unsuited areas. The 
Model 110 is a completely self-contained portable 
unit, while Models 112, 113 and 114 are used in con- 
junction with Sterilshield Air Cleaning Units. With all 
models, however, the basic principle of operation is the 
same; air is brought into the system, filtered, and 
passed on under pressure to the Workspaces. The 
slightly higher pressure inside the cabinet produces a 
steady flow of air out through the access opening, cre- 
ating an impenetrable barrier to airborne lint and dust 
particles. All models contain two fluorescent lamps 
and twin 110V utility outlets mounted within the cab- 
inet. Special electric outlets, utility drawers, glove 
ports, iris ports, microscope bellows, ultra violet light- 
ing, ultrasonics and spray cleaning devices are also 
available. 

Dry Boxes are equipped, as required, with air- 
locks for ingress and egress to welding, varnishing, 
assembly, storage, vacuum ovens and other operations 
(Fig. 2). These units can be arranged to allow parts 
to be passed from one station to the next via pass- 


FIG. 2. DRY BOXES provide a dust-, moisture-, and 
bacteria-free work area for the fabrication of critical 
semiconductor components at General Transistor Corp. 
plant, Jamaica, N. Y. 


MILITARY SYSTEMS DESIGN 








FIG. 3. CLEAN ROOM installation at Sperry-Farragut's 
Bristol, Tenn. plant. In the entire space visible in this 
picture there is not enough dust to cover a 4c stamp. 


thru locks which can be purged to prevent contami- 
nants travelling through the operations. 

Dust-Controlled Rooms. Constructed on the mod- 
ular building-block principle, Sterilshield rooms ( Fig. 
3) can be designed and built to any size, to fit any 
manufacturing process. A typical layout consists of; 1 ) 
a gowning room, for storage of clean-room apparel and 
for dressing; 2) an air shower for dedusting personnel; 
3) an air lock for separating the shower from the 
room, and 4) the clean room itself. The clean area 
may be further sub-divided into several rooms if the 
work process so dictates. (From new 20-page bro- 
chure, The Baker Company, Biddeford, Maine and 
Chandler, Ariz.) 
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Trimming Potentiometers 


New wirewound T-Pots, produced under surgically 
clean conditions, with temperature and humidity main- 
tained at a constant level, are welded and sealed to pro- 


t - a _ ed 
vide protection against moisture in use or contamination 
by potting compounds during subsystems assembly. 

Besides the solid wire leads shown, they are available 
in a wide selection of terminal configurations. All are 
rated at 1 watt at 70°C, to 5% tolerance of nominal 
value. 

T-Pot Dimensions Range Derate to 
Series (inches) (ohms) 0 at 


1200 280 x 310 x 1%, 10 to 50K 150°C 
900 300 x .180 x | 10 to 30K 175°C 
600 300 x .180 x | 10 to 30K 175°C 
1500 300 x .180 x I, 10 to 50K 175°C 
5000 500 x .190 x 500 100 to 50K 150°C 
(From new 6-page brochure “T-Pots,” Dale Electronics, 


Inc., Columbus, Nebr.) 
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HOT/COLD CHAMBER 


m 


Sa f ; ; ae “ 

New Miniature High-Low Tempera- 
ture Chamber, Model C-106, cooled by 
liquid CO., provides faster heating 
and cooling rates, closer temperature 


control and distribution, and increased | 


operating economy. Test volume is 
640 cu-in. Temperature range is from 
—100° to 500°F with a control ac- 


curacy of +0.5°F.—Wyle Labora- 


tories, Inc., El Segundo, Calif. 
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DIRECT WRITING RECORDER 


New Tracemaster single-channel di- | 


rect writing recorders are self-con- 
tained in attache-size case with separ- 
able top cover and weigh just 20 lbs. 
Three-channel models can be operated 
in vertical, horizontal or tilted posi- 
tions and feature interchangeable 
plug-in type amplifiers. Both models 
accommodate 200 ft of chart, push- 
button controlled, to speeds of 1, 5, 


20, 100mm/sec and employ direct-car- | 
bon transfer writing method. Fre- 


quency response de to 100 cps at 
25mm _ peak-to-peak amplitude, —3db 
at 125 cps., +5%.—American Optical, 
Instrument Div., Buffalo 15, N. Y. 
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MINI SYNCHRO BRIDGE 


he * 


Laboratory standard bridges for 
checking synchros (MSB 5) or re- 
solvers (MRB 5) to 20 ppm accuracy 
are available in miniaturized models. 
Both instruments provide measure- 
ments in 5° steps from 0-360°. Ab- 
solute accuracy from 0-800 cps is 
.002%. Frequency range extends to 
10 ke at reduced accuracy.—Julie Re- 
search Laboratories, Inc., 603 West 
130th St., New York 27, N. Y. 
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Boker Sterilshield at work in 


Rootinn poe ¥ 


this much 
dust 


stop an 
ICBM? 


Yes, indeed! Even one tiny speck in any part 
of the inertial platform gyros can lead to a mal- 
function, causing the missile to veer off course 
and be lost. Here and in countless other areas 
modern technology is demanding increasingly 
“impossible” precision and freedom from im- 
purities — not only from dust but also from 
moisture, virus and microbe life. 

The Baker Company’s complete line of Ster- 
ilshield equipment was developed in response 
to this demand. This wide range of equipment 
includes dust free workspaces, dry boxes, vac- 
uum ovens, precision bearing handling tools, 
and prefabricated dust-controlled rooms. 

If the manufacture of your product requires 
freedom from contamination, it will pay you 
to consult Baker — creator of the world’s most 
“immaculate atmospheres”. For complete tech- 
nical data write or call today. 


li 


prominent ball 


THE BAKER COMPANY, INC. 


106 Granite St. 
Biddeford, Me. 
ATlantic 4-5951 
TWX Biddeford 474 


Baker Instruments, Inc. 
Chandler, Ariz. 
YOrktown 3-4551 
TWX CNDLR 24 
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WESCON Previews— 
TRANSISTOR ADAPTOR 
i ee en Be oa Sal mie 


New Transistor Adaptor having a 
frequency range of 30 to 3000 mc 
for use with Z-g Diagraphs for meas- 
uring impedance and admittance in 
microwave circuits to 3 kmc.—Rohde 
& Schwartz, 111 Lexington Ave., 
Passiac, N. J. 
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MOLDED CARBON CONTROL 


COMPLETE CLEAN ROOMS 








one 


New %” Series 63M molded carbon | 
potentiometer designed to fill the need 
for reliability and electrical quietness 
in better grades of commercial equip- 
ment. It will be available in a wide 
range of resistance values.—Clarostat 


¢ DESIGNED « INSTALLED 
e ONE PACKAGE « ONE PRICE 


MINI-RAPID PROCESSOR DEVELOPS 
DATA DISPLAY FILM RECORDS-FAST! 





See your data display film records in 
minutes. Fairchild Mini-Rapid Film 
Processors give you automatic deliv- 
ery of negatives — developed, fixed, 
washed, dried —commercial quality. 
16mm films up to 6 f.p.m. 
35mm films up to 4 f.p.m. 


Oscillograms, digital or analog dis- 
play, radar, meters, gauges, controls 
— any information display that you 
record on35or 16mm filmcan be read 
back just a few minutes after your 
film is inserted into the Mini-Rapid. 


Operation? Easy. Insert a few inches 
of film into the loading compart- 
ment, drop in spool, close door. 
Automatic transport takes over and 
does the rest. 


Write for illustrated specifications 
and prices to Industrial Products 
Division, Dept. MS-8, Fairchild 
Camera and Instrument Corp., 
580 Midland Ave., Yonkers, N. Y. 


INDUSTRIAL PRODUCTS DIVISION 





MINI-RAPID FEATURES 


capacity up to 400 feet 
table top compactness 
dual thermostat control 
completely automatic 
leaderless daylight loading 


self-threading film transport 











Pre-packaged, pre-meas- 
vred liquid chemicals 
available from Fairchild 
means you don't have to 
add, reduce or measure 
ingredients. You simply 
mix and load. No dark- 
room or special skills 
needed, either. 


| Mfg. Co., Ine., Dover, N. H. 
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Advanced direct-view display S-C 
| 1090 console, for monitoring digital 
computers, will be used in command 
decision making utilizing man-ma- 


att chine information systems where it is 


necessary to continuously monitor a 
large store of changing information. 
Similarly, the console can be used for 
other systems such as air traffic con- 
trol, information retrieval and auto- 


limit of human perception.—General 


| 
| 
| 
| 


matic process control. The Charactron 
shaped beam tube permits rapid | 
changes of displays, even beyond the 


When you need super clean facilities for 
manufacturing, assembling or testing, 
investigate CE “Complete Clean Rooms” 
before you undertake to act as your own 
designer, engineer and general contractor. 


The total cost of a CE installation is 
almost always less; you get assured 
performance to fit your specifications; 
you start operation on a fixed schedule; 
and you save executive and engineering 
time by dealing with one supplier. 


Write for bulletin ‘‘Complete Clean 
Rooms” which outlines the scope 
of CE service and includes 
thirty-one constructional 

and operational details of 

a typical CE Clean Room. 


IRCHILD 


CAMERA AND INSTRUMENT 


CORPORATION 


Dynamics/Electronics, Information 


Technology Div., 1895 Hancock St., WZ Controlled Environment, Ine. 


San Diego 12, Calif. 915 GREAT PLAIN AVENUE, NEEDHAM 92, MASSACHUSETTS 
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SEMICONDUCTOR BASES 


Zz 


Bi i - 


Sub-Assembled ready-to-weld cop- 
per semiconductor bases—with inte- 
gral steel rings already brazed in 
place—are available in standardized 
7/16”, 9/16” and 11/16” base sizes, 
each accommodating a variety of 
sizes and types of caps.—Standard 
Pressed Steel Co., Box 1282, Jenkin- 
town, Pa. 
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COOLANT PUMP 


New coolant pumping system Type 
6449 provides thermally-controlled 
FC-75 for maintaining differential of 
135 psi with flow of 7 GPM. Tempera- 
ture of coolant is kept at 41°F +5°F. 
—J. C. Carter Co., 671 W. 17th St., 
Costa Mesa, Calif. 
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VOLTAGE REGULATOR 


ce ee. 


New S tabiline automatic voltage 
regulators, Type IE5101MR, for nom- 
inal 120 v operation 60 cps, up to 1 
kva, +5%. Also available for 400 cps. 
Regulation within 0.6v for line varia- 
tions between 105 and 135, load cur- 
rent from 0 to 8.3 amp and load PF 
from 0.7 lagging to 1.0, singly or 
simultaneously.—The Superior Elec- 
tric Co., Bristol, Conn. 
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PHASE COMPARATOR 


New LPN-400 voltage and phase 
comparator using built-in CRT and 
voltmeter measures in-phase and 
quadrature voltage components, har- 
monic content and noise in AC signals 
over the range of 25 cps to 10 ke.— 
Autonetics, Division of North Ameri- 
can Aviation, Inc., 9150 E. Imperial 
Highway, Downey, Calif. 
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New FAX System 
Transistorized 


SOLID STATE Facsimile Scan-A-Fax Transmitter (left) 
accepts letter-width copy, skips non-essential copy at 
direction of operator. Recorder (right) has quick "pop 
up" of copy when transmission at recording speed is 
completed. 


A new Facimile communications system, called Scan-A- 
Fax, is completely transistorized, even down to the fre- 
quency standard and motor drive amplifier. This elimi- 
nates one of the major disadvantages of present vacuum- 
tube facsimile systems in that little or no heat is gener- 
ated. Thus twenty-four hour, day-in day-out operation 
without electronic malfunctioning is achieved. The sys- 
tem is a product of the Industrial Products Div. of the 
Fairchild Camera and Inst. Corp., 580 Midland Ave., 
Yonkers, N. Y. 

The Scan-A-Fax scanner-transmitter accepts all types 
of copy, handwritten or printed, as well as charts and 
photographs. A new flat-bed scanning system permits 
transmission of this copy in any width up to 814” in an 
almost unlimited length. 

A “Rapid Index” feature of the scanner-transmitter 
unit allows the operator to selectively scan any portion 
of a letter, chart, log or graph—skipping unnecessary 
data. 

The Scan-A-Flex recorder provides a higher degree 
of resolution than was heretofore possible on comparable 
facsimile equipment, easily resolving small typewriter 
faces, fine grid and map lines and recording up to nine 
tones of a photographic grey scale. It records at a rate of 
15.3 sq-in/min over long-distance telephone lines and at 
30.6 sq-in/min over microwave channels. The higher 
speed is also attainable over short distance telephone 
lines. 

The use of transistorized, printed circuitry permits a 
compact, lighter system than is attainable with conven- 
tional electronic systems. The Scan-A-Fax will be sold 
direct by Fairchild and also marketed under a lease plan 
which provides preventive maintenance and periodic up- 
dating of equipment. 
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4PDT MINI RELAY 


New Type H 
4PDT, 10 amp 
relay with bal- 
anced rotary 
type armature 
meets require- 
ments of MIL- 
R-25018, 
-5757D and 
-6106. Incorpo- 
rates rectifiers 
to operate on 

ac where required. Also new DPDT 
crystal case relay (not shown) with 
torsion wire suspension for dry cir- 
cuit to 2 amp resistive 28v dc rating. 
—Union Switch & Signal Div., of 
Westinghouse Air Brake Co., Pitts- 
burg 18, Pa. 
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TRANSFER FUNCTION 
COMPUTER 





New SA100 
Transfer 
Function Com- 
puter meas- 
ures differen- 
tial equation 
coefficients of 
servo system 
under test. 
Transfer func- 
tions having 
terms in the 
numerator and denominator up to and 
including fourth order and sixth-order 
respectively are measured. The SA 
100 also a source of low-frequency 
signals from 0.01 c/s to 5 ke/with 
Sine, square or triangular wave 
shapes.—Wayne Kerr Corp., 1633 
Race St., Philadelphia 3, Pa. 
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LATCHING RELAY 


New “Microlatch” Series of DPDT 
sealed microminiature latching relays 
have four coil leads for energizing the 
operate and reset coil; coils can be 
wired in series to provide a polarity- 
sensitive relay. Operates in 6 msec 
pulse, holds in either position under 
vibration of 20 G to 2000 cps and 
shock of 50 G (for 11 msec) .—Filtors, 
Inc., Port Washington, N. Y. 
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WESCON Previews— 
DIFFERENTIAL TRANSFORMERS 


New linear voltage 
differential transform- 
ers—26 v, 400 cps units 
offered in a variety of 
sizes and shaft lengths 
—representing Helipot 
research and develop- 
ment in the motion 
transducer field, and 
presage new transla- 
, tory velocity transduc- 
Bia ers.—Helipot Div. of 

“ Beckman Instruments, 
. Inc., 2500 Fullerton 
Rd., Fullerton, Calif. 
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COAXIAL SWITCHES 
ind eS ee 


New MA-3464 series of high-speed, 
all-solid-state switches are available 
in SPST and multiple pole, multiple- 
throw configurations. Operate at fre- 
quencies ranging from 150 mc to 4700 
me (UHF to C band) from 10 to 100 
millivolts during power.—Microwave 
Associates, Inc., Burlington, Mass. 
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CRAMER Continuous Automatic 
Film Processor 


7 


EASIER 
FASTER 
BETTER 


Only 


*835 


LOOK AT THESE FEATURES: 


@ Low, low processing cost. 

e Daylight operation. 

@ 16mm negative or reversal film 
processing. 

e@ Handles up to 400 foot reels at 
4 feet per minute—faster at 
elevated temperatures. 


e Continuous flow fresh water 
rinse or static wash for 
portable operation. 

e@ No installation cost. 

e Compact, lightweight. 

e Non-corrosive construction. 


100’ FASTAX -omsineo morion 


PICTURE AND OSCILLOGRAPHIC CAMERA 
... the economy high speed camera. It features 100’ 


daylight loading spools . . 


. speeds from 150 to 


8,000 pictures per second. The WF-17 Fastax can 
take pictures or oscillographic recordings simulta- 
neously or independently . . . three cameras in one. 


7OGR, 
ono amy 


SS 


,. WRITE for more detailed information and prices. Inquiries welcomed. 


WOLLENSAK 
OPTICAL COMPANY « ROCHESTER 21, NV. Y. 
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WAVEGUIDE ARC DETECTOR 


GOERS ORES EET re > 
‘ vs 


t ition as. 2. 

New L band waveguide are detec- 
tor, Model S61-1, is final amplifier 
protective device on high power radar 
systems. Photo diodes, mounted ex- 
ternal to the waveguide are light ac- 
tivated through optical prisms sealed 
directly in the waveguide to monitor 
the windows of the final amplifiers. 
At the presence of an arc, the signal 
from the photo diodes is sent through 
an amplifier section for power to ac- 
tivate a ferrite waveguide switch or 
to cut off the RF drive to final ampli- 
fier. Reaction time of this system from 
start of arc to cut-off of pulse is 5 
to 10 wsec max.—F XR, Inc., Special 
Products of the Microwave Div., 25-26 
50th St., Woodside 77, N. J. 
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SMALL PM MOTOR 


New Model HYLM permanent mag- 
net DC motor is the smallest Mil- 
Spec Barber-Colman sub-fractional 
horsepower motor. Only 1” dia, the 
motor features precision ball bear- 
ings, constant pressure brush springs 
and explosion proof housing.—Barber- 
Colman, Dept. 2411, Motors and Com- 
ponents Div., Rockford, Ill. 
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ROTARY STEPPING SWITCH 


New Stepping Switch providing 240 
individual connections for access to 
control, selection, sequencing or puls- 
ing circuits is available completely 
wired to plug-in connectors.—North 
Electric Co., Electronics Div., Galion, 
Ohio. 
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FIG. |. UNUSED CAPACITY of Mercury battery is in- 
dicated by new ampere-hour indicator. Inset{ A) shows 
meter tube and associated ballast and shunt resistors 
before encapsulation; (B) shows enlarged view of meter 
after encapsulation. 


Miniature 
Battery-Power Meter 


SUCCESS of a military scouting mission—or the 
lives of survivors on a raft at sea—can depend on the 
amount of unused power remaining in a mercury bat- 
tery. Heretofore this often has been the “X” quantity 
in the equation. Now a new miniature ampere-hour 
indicator, designed to use with the Mallory BA/1315/ 
U mercury battery in military survival transceiver ap- 
plication, answers this question at a glance (Fig. 1). 

The new meter, only %” long, a development of 
Curtis Instruments, Inc., Mount Kisco, N. Y., consists 
of a capillary tube filled with mercury, with the mer- 
cury column separated into two sections by a liquid 
electrolyte gap. This gap, the indicator, moves along 
the length of the tube as a function of the amount of 
current passing through the meter. The mercury is 
transferred from one side of the gap to the other by 
an electroplating process. 

The battery capacity indicator is constructed using 
a %” long Curtis meter on which is cast a lens and 
scale from water-clear epoxy manufactured by Epoxy 
Products Inc. A shunt and ballast resistor are then fas- 
tened to the meter, and the scale and resistors are en- 
capsulated in a cast epoxy housing. 
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TELEPHONE renee 


New Hum-Bucking Telephone Pick- 
up Coil designed for use with high 
impedance input recorders and dic- 
tating machines when transcribing 
telephone conversations cancels stray 
hum pickup.—Microtran Company, 
Inec., 145 East Mineola Ave., Valley 
Stream, N. Y. 
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PLUG-IN POLY-DIODE 


New Poly- Diode consisting of u up to 
five separate diode junctions, each 
with an individual lead, formed on a 
single silicon slice in a computer gate 
configuration.—Delta Semiconductors, 
835 Production Place, Newport Beach, 
Calif. 
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FM SIGHAL oeeeearen 


New Model 1001 Signal Generator 
is continuously tunable through the 
100-550 mec range with drift of less 
than .015% per hr. FM deviation is 
controllable in two ranges, 0-35 kc 
and 0-350 ke, and output voltage is 
0.25 uv to 100,000 uv into 50 ohms.— 
R S Electronics Corporation, P. O. 
Bow 11365, Station A, Palo Alto, Calif. 
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Models in the new film series have 
the same physical dimensions as 
present Atohm wirewound potentiom- 
eters, Model 110, 120, 210, 220, and 
320. —Atohm Electronics, 7648 San 
Fernando Road, Sun Valley, Calif. 
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Fig. 2. BATTERY METER Schematic diagram. In this ap- 
plication, battery is not recharged but discarded when 
exhausted. On rechargeable types, meter would indicate 
need for, or extent of recharge. 


The battery for which the unit has been designed 
is used in conjunction with a military survival trans- 
ceiver. This set operates with different drains on the 
battery in its receive and transmit mode, providing an 
impedance of 2,980 ohms when transmitting and 
10,400 ohms when receiving. 

Mallory desired to provide an indication of battery 
capacity available to the operator of the transceiver; 
enabling him to gauge the amount of power left in the 
battery would permit him to more judiciously operate 
the set. 

The capacity indicator has an active scale approx. 
4%” long with four divisions, which indicates the per- 
centage of power left in the battery by the position 
of the gap in the mercury column. The unit uses a 27- 
ohm shunt resistor in series with the load terminals 
and a ballast resistor of 5600 ohms in series with the 
meter. The indicator gap will move its full scale 
(.235”) with the complete discharge of the battery 
(500 ma-hrs. ). 

The Curtis meter has been tested against military 
vibration and shock specifications and has success- 
fully passed vibration of 20 G at 2000 cps and shocks 
up to 70 G. It will operate through an ambient range 
of —38° to 110°C; withstands storage temperatures 
from —65° to 125°. 

In the Mallory application, the value of shunt re- 
sistance (27 ohms) was chosen as an optimum value 
providing sufficient voltage to permit an adequate in- 
dication (.250”) of battery capacity and yet use less 
than 1.0% of the battery capacity when transmitting, 
and less than 0.20% of the battery power when receiv- 
ing. The installation of the battery is made such that 
failure of the meter will not in any way interrupt the 
supply of current to the transceiver (Fig. 2). 

Although the Curtis ampere-hour meter is revers- 
ible, dependent upon the polarity of the connections 
to the meter, this feature of the meter is not being util- 
ized in the Mallory application since the mercury cells 
are not rechargable and the battery is disposed of 
upon use. 
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Executive Position Wanted 


Man with |5 years experience in management, sales and 
production of electronic components and equipment seeks 
position as sales manager or director of firm or firms in 
electro-mechanical components, resistors, pots, etc. Exten- 
sive sales experience covers precision potentiometers, clutch- 
pots, pressure transducers, carbon film and wire wound 
resistors, delay lines, magnetic dry-particle clutches and 
brakes, sequence timers, commutators, etc. 


WRITE MSD BOX #108 











T- . POWER SOURCE 


As Oe. hes 


New Model TD6M Tunnel Diode 
Power Source provides highly stable 
voltage and current biases in the 0- 
6Vde and millivolt region. Current 
rating is 0-100 ma. Regulation cor- 
responds to 0.05% vac, 60-400 cps and 
0-100% load change.—Electronic Re- 
search Associates, Inc., 67 Factory 
Pl., Cedar Grove, N. J. 
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DIGITAL COUNTERS 


New line of high speed, fear i vee, 
direct drive counters give plus and 
minus, right and left, or directional 
digital readings.—Veeder-Root Inc., 
70 Sargeant St., Hartford 2, Conn. 
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PRIMARY AC SHUNTS 


. ones Reet 
New coaxial, ‘4-terminal resistor 
current shunt set designed for a 
minimum of self-inductance has an ac- 
curacy of ac-de difference for fre- 
quencies above 5 cps and below 50 ke 
to .02%. UHF type connectors pro- 
vide easy connection.—Holt Instru- 
ment Laboratories, P.O. Box 230, 
Oconto, Wis. 
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DIGITAL CLOCKS 


New Model 2000 Series Digital 
Clocks with 8-4-2-1 binary-coded-deci- 
mal outputs parallel with decimal out- 
puts are combined in the same clock 
with a separately wired common for 
each decimal digit position to permit 
easy conversion to serial form, and al- 
so actuate visual displays, tape print- 
ers, and typewriters without code 
conversion.—Chrono-Log Corporation, 
Box 4587, Philadelphia 31, Pa. 
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(IN LESS THAN ) 
4 SECONDS 


WITH THE REVOLUTIONARY 
PRODUCTION AID TOOL! 





“PIG-TAILOR"® 


Foot operated 
Ne accessories 


ES $495.00 


‘*PIG-TAILORING'’’ 


@ revolutionary new mechanical process for 
higher production at lower costs. Fastest 
PREPARATION and ASSEMBLY of Resistors, 
Capacitors, Diedes and all other axial lead 
components for TERMINAL BOARDS, PRINTED 
CIRCUITS and MINIATURIZED ASSEMBLIES. 


PIG-TAILORING elimi te | cutters 
+ Long nose pliers - sees parser 90% 
operator training time + Broken components + 
Broken leads + Short circuits from clippings - 
65% chossis handling «+ Exc lead 


7 thod 
y 











PIG-TAILORING provides: + Uniform component 
positi + Unif rking exp + Minic- 
turization spacing control + **S"* leads for termi- 
nals - ‘‘U"’ leads for printed circuits « Individual 
cut and bend lengths « Better time/rate analysis 
+ Closer cost contro! + Invaluable labor saving 
« Immediate cost recovery. 








Pays for itself in 2 weeks 


“‘SPIN-PIN’’® 
Close-up views of 
“SPIN-PIN" illustrate 
fast assembly of 
tailored-lead wire to 
terminal. 

* No Training 

* No Pliers 

* No Clippings 
* Uniform Crimps 
* 22 Sizes 


PAYS FOR ITSELF 
THE FIRST DAY! 











¥ $500... re) 


Write for illustrated book to Dept. MS-8 
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THERE'S NO SUBSTITUTE FOR AN 
ELECTRONIC MEASUREMENTS 
CONSTANT-CURRENT POWER SUPPLY 


what every engineer knows about constant-current 


° 
power supplies. . . How do you 
check the peak inverse voltage rating of a solid state 
junction? the breakdown voltage of a reference diode 
at a specified current? the dynamic impedance of a 
reference diode? and the many other parameters that 
are so easily checked with constant-current power 
supplies? 

It's an easy matter to convert some voltage-regu- 
lated power supplies to current-regulated operation. 
At least it’s easy with an E/M® Regatron Program- 
mable Power Supply. But for true constant-current 
performance, there’s no substitute for a power supply 
specifically designed for constant-current operation. 

Take Electronic Measurements’ Model C638A 
shown here. It’s an easy matter to set the current con- 
trol to any value desired—from a few microamperes 
up to 100 ma—manually or programmably. And there's 
no juggling with makeshift, extra circuity. Then you 
can adjust the voltage compliance to any value from 
0 to 1500 V. There’s no fear that the voltage may be 


too great or not enough; the voltage control sets the 
upper limit. 

Here are some additional features of the C638A: 
Output impedance is 10' megohms at 0.5 pa to 0.5 
megohms at 100 ma. Above 2.2 a, regulation is better 
than 0.15%, line or load, Ripple is less than 0.01%+- 
1 »a rms. A modulation input is provided. 

But to get back to the point; to check the peak 
inverse voltage rating of a solid state junction, simply 
set the output current control of an E/M Constant- 
Current Power Supply at the specified current. Con- 
nect the output to the junction, turn the power supply 
on, and measure the voltage drop across the junc- 
tion. What could be easier? And other measurements 
can be made almost as easily. 

For a complete discussion of constant-current power 
supplies with ratings up to 1A, ask for Specification 
Sheet 3072B. It lists all the models and specifica- 
tions, too. 

SEE THEM AT WESCON BOOTHS 1324 & 1325 


®Registered U. S. Patent Office. Patents Issued and Pending. 
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Right-Angle 
Printed-Circuit Connectors 

















600-70-3 PLUG 
8 CONTACTS 
Series 600-70 miniature right angle pin and socket 
connectors are available in 4, 8, 10, 12, 13, 22 and 
28 contacts. Guide pins in the plug and guide bush- 
ings in the socket provide guided insertion and pre- 
vent bending of contacts . . . Precision machined 
socket contacts are phosphor bronze with gold plate 
over silver plate. Pin contacts are brass and stain- 
less steel, gold plate over silver plate. All contacts 
have low contact and corrosion resistance, and are 
easy to solder . . . (From 12-page Catalog RTA- 
1260, Electronics Div., DeJur-Amsco Corp., 45-01 
Northern Blvd., Long Island City 1, N. Y.) 
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Field Data Teleprinter 


High-speed Field communications readout equip- 
ment for use with mobile field computers is being 
manufactured by the Kleinschmidt Division of Smith- 
Corona-Marchant Inc., 410 Park Ave., New York 22, 
N. Y. The high-speed serial printer, Model 6400, 


Mie as deplete: 


shown in the figure utilizes solid state logic, trans- 
lating 8-channel intelligence data into 64 different 
alphabetical, numerical and special symbols, on 5/16” 
paper tape. 

Because of the high speed employed, no data storage 
component is required. The field data set, also com- 
prising a teleprinter, reader and punch, can be housed 
in a truck or trailer along with the associated com- 
puter, enabling the combat forces to utilize automation 
to streamline communications and data-readout on 
which military strategy and tactics depends. 

Important industrial and commercial uses are also 
forseen for the new equipment. 

FOR MORE INFORMATION CIRCLE 245 ON READER-SERVICE CARD 


MILITARY SYSTEMS DESIGN 





WESCON Previews— 


MICRO RELAY 


afee 


New Series MM-22 Sealed Micro- 
miniature DPDT Relay fabricated 
under “Clean Room” conditions is ex- 
pected to have a life of ten million 
operations in dry circuit applications. 
Minimum contact life is 100,000 op- 
erations at 3 amps. Max operate and 
release times are 5 msec each. The re- 
lay functions over a temperature 
range of —65° to 125°C and under 
severe vibration and shock.—Auto- 
matic Electric Co., Northlake, Ill. 
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DESTRUCT RECEIVER 


New Model 2621/1803 Command- 
Destruct Receiver/Decoder for mis- 
siles is designed to operate in severe 
missile environments and to meet the 
interference requirements for Class I 
equipment. Receiver range is 406-549 
me. Decoder provides a destruct signal 
when three tones are received in a 
predetermined combination and _ se- 
quence.—R S Electronics Corporation, 
P. O. Box 11368, Station A, Palo Alto, 
Calif. 
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TRANSDUCER SIGNAL 
CONDITIONER 


New PS-290 Power Supply and the | 


PB-290 Power and Balance unit in- 


corporate plug-in card circuits for up | 
to eight transducer channels. Bridge | 
completion, balancing, and calibration | 
resistors are easily accessible from | 
the front. Output ripple is less than | 


500 uv peak-to-peak or 200 uv RMS; 
and line regulation is less than 0.02%. 


Isolation is less than 0.01 wamp at | 


60 eps, and output impedance is less 
than 0.05 ohm.—Microdot Inc., 220 
Pasadena Ave., South Pasadena, Calif. 
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Philco Solid-State X-Band Switches can 


MODERNIZE THESE 8 
MICROWAVE CONCEPTS 


Electronically Steerable 
Antennae 
Solid-state design is an apparent trend in microwave equip- ; 
ment. The inherent advantages are solid-state reliability, Microwave Channel 
smaller size, lighter weight, lower power requirements, less Switching 
auxiliary components...and Phileo X-Band Germanium 
switching crystals help make this trend possible. 


Philco types 1N3098, 1N3481, and 1N3482 have several unique Voltage Controlled 
features. They exhibit total switching times as short as 1 Microwave Attenuators 
nanosecond. These three types can be intermixed in cascade ‘ 

to provide extremely high isolation values... without un- Microwave Pulse 

duly sacrificing insertion loss or power handling capability. Shapers 

They serve as frequency-independent switches between DC : se 

and 1 Ge. Virtually any application requiring rapid and pre- Microwave Limiters 
dictable control or modification of microwave power flow can 
utilize these diode switches. 


Microwave Modulators 


Microwave Clippers 


Though ratings shown on this page are based on mounting in Direct Switching of Trans- 
a commercially available Phileo P-901 waveguide holder, mitter and Receiver Power 
Phileo X-Band switching crystals also are suited to coaxial 

transmission designs. 





ABSOLUTE MAXIMUM 
RATINGS 1N3481 1N3093 1N3482 
Storage Temperature —65to+90°C —65t0+90°C —65 to +90°C 
Forward Current 60 ma 85 ma 100 ma 
Reverse Current 5 ma 10 ma 10 ma 
Peak Microwave Incident 

Power Level...... 10 mw 500 mw 1.257 


ELECTRICAL 

CHARACTERISTICS 

Test Conditions (T =25°C) 

Test Frequency 9000 mc 9000 mc 9000 me 

Power Level ; 1 mw 500 mw 1.25 w 

Test Holder Philco P-901 Philco P-901 Phiico P-901 

Dynamic Characteristics 

Insertion Loss (Lt = +50ma) (1 = +75 ma) (1 =+100ma) 
Typ. Max. Typ. Max. Typ. Max. 

5 1.0db 16 1.8db 2.0 2.3db 

Isolation eceddbs (V = —0.5v) (V = —llv) (V = —Ilv) 
Min Typ. Min. Typ. Min. Typ. 

18 2hdb 18 2idb 18 20db 











Philco 
P-901 waveguide 
1N3093 


For complete data and application assistance, ACTUAL SIZE holder 
write Dept MSD861. SPECIAL PRODUCTS OPERATION 


PHILCO 


Ea) Samous fer Quality the World Over 
Pe... DIVISION ¢ LANSDALE, PENNSYLVANIA 


IN EUROPE: Avenue de Beauregard 3, Fribourg, Switzerland 





MORE THAN 


450 Styles of Quality RPC Resistors ! 


MANY TO CRITICAL MILITARY SPEC,* 


rpc—America’s largest manufacturer of resistors—uses test equipment 
and standards for checking and calibrating that are matched only by 
a few outstanding laboratories, 


Resistance values from .05 ohms to 100 teraohms—low coefficients— 
unsurpassed performance—small or large quantities—prompt delivery— 
these are some of the reasons why rpc maintains customer loyalty. 


Our knowledgeable engineering department is available for consultation 
without obligation. Chances are we can recommend the “‘just right” 
resistor for your problem.. Write for free catalog. 

PRECISION WIRE WOUND METAL FILM 


CARBON FILM RESISTANCE NETWORKS 
*Conformance to MIL-R-93; MIL-R-9444; MIL-R-14293A; 
MIL-R-10683A; MIL-R-10509C 


Resistance Products Co. 


914 S. 13TH ST., HARRISBURG, PA. 
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AIRBORNE-PARTICLE SIZE 
ANALYZER 


New Model PC- 

200A Particle 

Counter displays 

the number of par- 

ticles present in 15 

sub-ranges of sizes 

from 0.32 uw to 8.0 

uw diameter. Counts 

appear visually on 

j decade counters, 

/ijisea 29) but can be recorded 

on digital tape or a strip-chart re- 

corder, or both. At the normal air 

flowrate of 100 cc/min the count rate 

without excessive coincidence loss is 

7340 particles. If no particles are 

present, the instrument will not re- 

spond.—Royco Instruments Inc., 440 
Olive St., Palo Alto, Calif 
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POWER SUPPLY 


New Model QCR 36-30 transistor- 
ized power supply features a contin- 
uously adjustable output of zero to 
36 vde. Precise regulation of +0.01% 
+ 1 mv and reduced ripple of 0.5 
millivolts RMS maximum, results 
from a new circuit concept.—William 
Buck, Sorensen Products, Richards 
Ave., S. Norwalk, Conn. 
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WAFER RESISTORS 


New line of micro-miniature re- 
sistors on the standard RCA wafer, 
for micro-module developments, are 
made to customer specifications. Di- 
mensions of wafer are .31” x .31” x 
.010” with 12 interconnecting notches. 
Electrical specifications are: Resist- 
ance range from 100 ohms to 100 K 
ohms, tolerance +1%, temperature 
coefficient of 100 PPM/°C and a 
maximum dissipation % watt per 
wafer. As many as four resistive ele- 
ments can be placed on a single wafer. 
Sample units available—Dale Elec- 
tronics, Inc., Columbus, Neb. 
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Radar Uses Direct 
Readout Counters 


Direct readout counters, replacing dials for instantane- 
ous communication of instrument-derived information, 
are used on the new AN/SPA-34 Range Azimuth Indica- 
tor designed for the Navy by the Communications and 
Weapons Systems Div., Government and Industrial Group, 
Philco Corporation. 

It employs counters to indicate angular position and 
range determined by a time-shared electronic cursor 
sweep, as well as to show north-south and east-west co- 
ordinates established by manual off-centering radii. 

Video, trigger, and azimuth information from the as- 
sociated radar are fed into the indicator. The video 
signals are displayed as range and azimuth information 
on a 10” PPI cathode-ray tube. Fixed range marks ap- 
pear on the video display, and a variable range strobe 
can also appear on the video sweep. Sweep range is con- 
tinuously variable from 4 to 400 miles. 

Individual target bearings can be determined by use 
of the electronic cursor which is timed-shared with the 
video sweep. The cursor origin can be off-centered with 
respect to the video sweep, or the video sweep origin can 
be off-centered with respect to the cursor, or both origins 
can be simultaneously off-centered from the center of the 
cathode-ray tube screen to make bearing and range 
measurements between any two points, which speeds 
the accurate solution of air defense problems. 

Special Counter Indicates Degrees. Both angle (bear- 
ing) and distance (range) polar coordinates are indi- 
cated on special counters developed by the Instrument 
Div. of Veeder-Root Incorporated (Hartford, Conn.). 
Angle of cursor bearing is actually read out in degrees, 
from 0° to 359°, to establish the angle of the target in 
comparison with the direction of the ship. 

To avoid space-consuming extra-large wheels in the 
“degrees counter,” Veeder-Root uses a unique counter 
design which selectively displays the tens-of-degrees nu- 
merals through apertures in a cylindrical shutter. Thirty- 
five sets of figures are thus contained on a wheel diameter 
equal to a normal ten-figure indicator. 

Range coordinate is read out on an unusual “miles and 
yards” counter which consists of three lateral sections. 


MILITARY SYSTEMS DESIGN 





The right-hand section indicates yards (in 200 yard in- 
crements), and the center section miles and tenths. For 
every two hundred yards indicated, the miles counter ad- 
vances one-tenth. At forty miles (80,000 yards) the 
yards section automatically closes the middle section with 
a shutter, and opens a shutter on the left-hand section, 
which counts in full miles as high as the radar equipment 
can sense. 

When used as general purpose PPI (Plan Position 
Indicator), the entire display, including cursor, can be 
offset by means of manual east-west and north-south off- 
centering controls and/or or automatically by means of 
the ship’s DRA (Dear Reckoning Analysis) inputs. Dual 
counters show the sum of the east-west and north-south 
cartesian coordinates. 

For example, if a target is located in the north-east 
quadrant of the video display, the dual counters for 
“North” and “East” are revealed. The following informa- 
tion is indicated: the North counter shows how many 
miles north the target is located, and the East counter 
shows number of miles to the east of true North. 


FOR MORE INFORMATION ON DIGITAL COUNTERS CIRCLE 252 
FOR MORE INFORMATION ON RADAR INDICATOR CIRCLE 253 


Miniaturized Coax Cavity 
Modules 


The “building block” technique is extended into the 
microwave coaxial cavity field in a wide variety of Micro- 
dot miniaturized modules. Careful design has made many 
parts common, which are carried in stock. Thus proto- 
type units having unusual specifications can often be 
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assembled in extremely short time. 

Basic Microdot design has yielded oscillators, ampli- 
fiers and frequency multipliers, each tailored to its 
specific requirements. Shared in common are features 
of small size and light weight, rugged construction, and 
the ability to withstand severe environments. 

A typical power amplifier is the Model 227, (See 
Figure) 960mc amplifier having up to 25 watts output, 
which was designed to form part of a high-power ampli- 
fier chain where the primary requirement was long life 
and day after day of dependable, unattended service. 
The miniature construction of these units and their per- 
formance under severe environments make them attrac- 
tive to designers looking for maximum performance in 
small space. High overall efficiency (50% including fila- 
ment power) provides an added bonus—not only is less 
heat generated, but there is a space and weight saving in 
the reduced requirements for primary power. (From 
4-page brochure, “Airborne VHF-UHF Transmitter and 
Cavities,” Microdot, Inc., 220 Pasadena Ave., South 
Pasadena, Calif.) 
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How To Improve Response Speed of 
Servos Using Wire-Wound Pots... 
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High starting torque Wire-Wound pot (A) stalls Servo Motor (B). 
Motor overheats. Frying Pan (C) becomes hot and proceeds to pop 
corn. (Note Popcorn Hopper (D) designed for slow, continuous flow of 
top quality corn.) As corn pops, Turbo Jet Popcorn Aimer (E) directs 
stream of popped corn to Funnel (F). Corn is then directed into 
Auxiliary Power Treadmill (G), causing popcorn-loving mice to start 
Power Treadmill revolving as they begin to chase falling popcorn. 
Revolving Power Treadmill then turns Pulley (H) which turns Gears 
(I & J), in turn revolving Pulleys (K & L). Pulley (L) spins Fly-Ball 
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Governor-Grabber (M). As momentum is increased Governor-Grabber 
causes spinning Clutch-Hands (N & O) to engage Wheel (P), supply- 
ing the additional torque necessary to start servo rotating. 

Reversing input signal flips Solenoid (Q) to reverse position, sliding 
Funnel (F) to Mouse-Reverse position. As popcorn is then directed into 
other side of Power Treadmill, the mice reverse their running action so 
as to continue catching falling popcorn. Periodic replacement with 
fresh mice and/or use of cheese-flavored popcorn can be used to 
increase efficiency of this system. 


BUT THE BEST WAY YET... Use C.1.C. Low-Torque Film Pots! 


Low torque is an inherent property of C.I.C. Film Pots. The 
smooth, unbroken, mirror-like surface of film offers minimum 
friction to the wiper and requires low brush pressures for 
continuity. As a result, C.I.C. Film Pots have multi-million 
cycle life.* Write for your free C.1.C. catalog facts today. 


*Ask for list of missiles and aircraft 
currently using C.1.C. Film Pots. 


© INHERENT RELIABILITY 
© INFINITE RESOLUTION 
* PRECISION LINEARITY 


© MULTI-MILLION CYCLE LIFE 
© LOW OPERATIONAL NOISE 
* VIDEO FREQUENCY OPERATION 


COMPUTER INSTRUMENTS CORPORATION 


"rat ow fiw pot 


92 MADISON AVENUE e HEMPSTEAD, L.I.,.NEW YORK 
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Thousands of these precision motors 
from Air Marine have been used both 
by the military and industry. The “E 
Frame’’ shown below is offered in 
either induction or hysteresis synchro- 
nous versions, 


“E FRAME” (Finned) 
3.68” Overall Length 
For Continuous Duty Application 


























Induction 
200 V., 3 phase 400 cycle 
1/10 H. P. at 10,500 RPM 
Torque, Starting 7.3” oz. 
Torque, Running 9.0” oz. 
Insulation to specs. 


Hysteresis 


115V.,1 phoee S 400 Boxete 
Sync. Speed 8000 

Starti 

Pull-in 

Pull-out Torque 2. 7 

Locked Rotor Curent "92 amps 


TYPICAL INDUCTION CURVES 


Torqut /IN. OF 


Air Marine offers a complete line of 
fractional AC motors, blowers and fans. 
Motors ponee in size from 1/1000 to 
1/2 H. P. 400 cycle units are designed 
for airborne application. Specify your 
needs and let Air Marine deliver. 


air marine 
motors, inc. 


369 BAYVIEW AVENUE 
AMITYVILLE, L.t., N.Y. 


2221 BARRY AVENUE 
LOS ANGELES, CALIFORNIA 


CIRCLE 87 ON READER-SERVICE CARD 


64 








Top Two Together 





Complete Line Now Available 


Air Marine Motors of Amityville, 
New York and Motordyne of Los 
Angeles, California have combined to 
offer industry an extensive line of both 
AC and DC motors in the fractional 
horsepower range. Motors from these 
companies have for years fulfilled the 
requirements of both industry and 
military. The wide variety of types 
offered makes this source invaluable 
to the design engineer. Comprehen- 
sive literature on units to fulfill spe- 
cific needs is available from either the 
east or west coast facilities. 


Quality is a Statistic 


Motors from Air Marine and Motor- 
dyne have gained a reputation of 
reliability based on the quality of per- 
formance. Numerous units designed 
for the military have continually met 
rigid environmental requirements. 
Hundreds of pages of statistics are 
available to establish beyond any 
doubt the ability of these motors to 
meet all types of specifications. 


Research and Development 


Laboratories are maintained on 
both the east and west coasts, under 
the direction of highly competent 
engineers who continually probe for 
more advance techniques in the manu- 
facturing of rotating components. 
The AC and DC motors of these cor- 
porations are continually being stud- 
ied to increase their life and efficiency. 
These laboratories also study specific 
problems of customers relative to 
motor performance. 


Engineering Consultation 


The field engineers of Air Marine 
and Motordyne are trained to assist 
the customer in the selection and in- 
stallation of motors. These engineers 
are often called upon by the.customer 
to assist in specifying the right motor 
for a specific job. A call to either the 
east or west coast facility will alert 
these engineers to your specific 
problems. 


Additional Lines from 
Air Marine and Motordyne 


Now from these extensive facilities 
a complete line of blowers, fans, gov- 
ernors, brakes, gears, servo motors 
and thermal overload switches have 
become available: Complete informa- 
tion is available on request. 





Another precision motor from Motor- 
dyne capable of meeting the most 
stringent specifications. Hundreds of 
planetary gear speed reducers are of- 
fered as well as brakes, governors, 
clutches and thermal overload switches. 


SERIES 1200, REVERSIBLE MOTOR 














Power Supply 24-28 volts 
Line Current -5 Max. amps 
Speed 10000 RPM 
Output .004 H. P. 


Continuous Duty .5” oz. 
Intermittent Duty 1.0” oz. 


TYPICAL CURVE 


Torque / IN. OF. 


if you face a DC motor application 
problem let a Motordyne field engineer 
assist in the solution. For prompt at- 
tention contact either the East or West 
Coast facilities. 


TORDYNE INC. 


@ subsidiary of alr marine motors, inc. 


2221 BARRY AVENUE 
LOS ANGELES, CALIFORNIA 


369 BAYVIEW AVENUE 
AMITYVILLE, L.4., N.Y. 
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ACTUATOR 


| FIG. 1. FLOW CONTROL by Model 25 Transducer is 
| triggered by dry stage torque motor, amplified by hy- 
| draulic power stage to drive separate actuator. 


| trol transducer, although only 114” 


Miniature Flow Control 
Transducer 


The Hydraulic Research Model 25 miniature flow con- 
in overall height and 
weighing 5 ounces, is designed for precision use in any 
high performance control system that operates within 1.3 


| GPM flow at 3000 PSI drop across the valve. Its efficient 


design includes the use of unique spool position feedback, 
powerful dry torque spool position feedback, powerful 


| dry torque motor with parallel magnets, central filtration, 
| and stainless steel construction throughout (Fig. 1). 


| the equation for flow by Py. 


| 
| 





Steady state characteristics: The steady state equation 
relating input current (i) to output from (q) with the 
load relationship (P,,) is given by 

qg= Ki(P, om P.) % 

Where P, is the supply pressure and K is a constant. 
The equation for available power is found by multiplying 
Then differentiating the 
equation for power and maximizing gives 


2 
Pi =: — P.. 
3 


Therefore, with a constant input of current, the maximum 
power available occurs when the load is two-thirds of 
the supply pressure. 


Dynamic characteristics: The transfer function for op- 
eration of the operation of the transducer below 50 cps 
can be approximated as a first order lag. (See Fig. 2). 
The transfer function is 

‘ Ky 
q/i (s) = ve + . 


Ky = Static gain (GPM/ma) 
s = Laplace operator 


7+ = Time constant (sec.) 


Kv will vary with load as shown by the steady state equa- 
tion for flow. The time constant (r) is approximated by 
the frequency at which 45 is approximated by the fre- 
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FIG. 2. TYPICAL DYNAMIC Response Characteristics, 
Model 25 Miniature Flow Control Transducer. 





quency at which 45 degrees phase lag occurs and is 
approximately 


7 = .0025 sec. 
For operation of the transducer above 50 cps, an ap- 
proximation of its transfer funtion is 
Ky 


aaj 8 + 1 


q/i (s) 


@x*  @y 
Where: 
@®~ = Natural frequency (radians/second) 
¢ = Apparent damping ratio 
wy is determined by the frequency at which 90 degrees 
phase lag occurs. { is determined by the response ampli- 
tude at wy. Useful approximations are: 


@y = 750 radians/sec. 
(=08 


(From 4-page brochure, Hydraulic Research & Mfg. Co., 
2835 N. Naomi St., Burbank, Calif.) 
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Cable and Tubing Products 


Eight new product lines are featured by Alpha Wire 
in their latest catalog No. 62, which details more than 
6000 electronic wire cable and tubing stock products. 


ZIPPER Tubing of poly- 
vinyl chloride resists 
cold embrittlement 
down to 76°C or is 
bonded to fibreglass 
for temperatures to 
130°C. Diameters 
from 4" to 4" and 
with zipper portion in 
eleven different colors 
are available. Foil 
shielding can also be 
provided. 

The new product lines include Heat Shrinkable 
Tubing, Retractile coil power and communication 
cords, High Temperature (260°C) Teflon tubing, 
Zipper Tubing (see Figure), Mil-Spec QQ-B-575 
shielding and braiding, shielded teflon cables, teflon 
magnet wire and shielded audio cables. 

(The new 52-page catalog is available on request 
from Alpha Wire Corporation, 200 Varick St., New 
York 14, N. Y.) 
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easy—0.05% voltage measurement 
under severe environmental conditions 


. 
. 
- 
. 


MODEL 8O11A MILITARIZED DIFFERENTIAL DC VOLTMETER 


Meets all environmental requirements of MIL-T-945A 


—from —54°C to +65°C 
Designed for continuous operation: © —with 95% relative humidity 
—up to an altitude of 10,000 feet 
—from —65°C to + 85°C 
Designed for extended storage: —with 100% relative humidity 
—up to an altitude of 50,000 feet. 


FEATURES 


@ Accuracy of 0.05% of input voltage from 0.1 to 500 volts. m@ Eight search and VTVM ranges. 
@ Infinite input resistance at null. @ Four potentiometric ranges. 
@ No zero adjustments. @ Temperature controlled Zener reference. 


Model 8011A is a true potentiometer built to provide accurate voltage measurements under adverse 
environmental conditions. Housed in a light grey enameled combination case, it is portable, and vir- 
tually impossible to damage by overload. @ Chopper stabilized null detector, precision Kelvin-Varley 
resistors (hermetically sealed in oil), temperature controlled Zener reference, and drift free 500 volt 
reference supply, all contribute to the outstanding performance of this instrument. @ For your applica- 
tion requiring accuracy, reliability, plus ease of operation specify the John Fluke Model 8011A. 


PARTIAL SPECIFICATIONS 


VOLTAGE RANGES: +0.5, 5, 50 and 500V DC 


ACCURACY: +0.05% from 0.1 to 500V 
+0.1% of input voltage or 50uV, whichever is 
greater below 0.1V 


NULL SENSITIVITY RANGES: 10V, 1V, 0.1V & 0.01V 
MAXIMUM METER RESOLUTION: 50uV 
INPUT RESISTANCE: Infinite at null from 0 to 500V 
DIMENSIONS: Case covered, 1142” high, 19” wide, 1942” long 
WEIGHT: 57 pounds complete 
PRICE: Available on request 


Prices and data subject to change without notice 


JOHN FLUKE MFG. CO., INC. 


MOUNTLAKE TERRACE, WASHINGTON 
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/ 
BREAKTHROUGH 
in SYNCHRO 


RELIABILITY 


HAROSYN? the 
Brushless Synchro 


Pat. Pending 


2000-5000 Hrs. Operational Life Guarantee: Life 
is limited only by ball bearings. 


Eliminates Brushes: Wear, brush bounce, elec- 
trical discontinuity and variable null voltages 
during shock and vibration, Radio Frequency 
Interference. 


Eliminates Slip Rings: Wear, surface film or oxi- 
dation which can cause arcing and brush burnout. 


Interchangeable: Mechanically and functionally 
with conventional synchros for almost all synchro 
applications. 

Available: In sizes 5, 8, 10 and 11 for the conven- 
tional Synchro functions. 


HAROSYN features a rotary injection transformer in which the 
primary windings and the secondary windings are made a rigid 
integral part of the housing and rotor assemblies respectively. 
No mechanical contact whatever is made between rotor and stator. 


Eliminates approximately 20 parts. Meets and exceeds all applicable 
portions of MIL-S-20708. 


See HAROSYN, the brushless synchro, at the Wescon Show, 
Booth 4510. 


For further information write for Catalog 103. 


IHAROWE| SERVO CONTROLS 


HAROWE SERVO CONTROLS INC. 
West Chester Pike at Westtown Road 
West Chester, Pennsylvania 
Telephone: OWen 2-2700 


Motors: Servo, Synchronous, Stepper, Velocity Damped Magnetically Braked. 
Motor Generators *« Gearhead Units * Synchros « Servo Assemblies 
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FIG. |. COMPLETE LOGIC sections for a general pur- 
pose digital computer are shown in mock-up form using 
Micrologic elements in (1) TO-5 size packages mounted 
on 6" x 12" circuit boards and (2) TO-I8 size packages 
using welded wire interconnections (lower left). The best 
equivalent logic section using conventional high-density 
packaging would require 40 of the 6" x 12" printed cir- 
cuit boards shown in the upper right. 


Micrologic Devices 


Micrologic Flip-flop, Gate and Half-shift Register, the 
first three of a new family of integrated microminiature 
semiconductor devices designed to lead to major reduc- 
tions in the size and cost of solid-state digital computers, 
will be exhibited by Fairchild Semiconductor, Mountain 
View, California, at Booth 814-816 during the 1961 
WESCON show. 

Three additional devices are undergoing final develop- 
ment—Micrologic buffer, half-adder, and counter adapter 
—and will be available as products by the end of 1961. 

A complete logic section of a digital computer can be 
fabricated using the three Micrologic elements currently 
available. A 20 per cent reduction in the number of de- 
vices necessary for fabrication will be possible when the 
Micrologic buffer, half-adder and counter adapter be- 
come available later this year. 

Using direct-coupled transistor logic (DCTL), and 
silicon Planar techniques, the Micrologic elements are 
made by diffusing the transistors and resistors for many 
units into a single slab of silicon. The metallic intercon- 
nections are deposited on top of the slab which is then 
cut into the individual Micrologic elements. These ele- 
ments are then mounted in a standard JEDEC TO-5 (for 
Standard Printed Circuit Boards) or TO-18 (for Welded- 
wire Circuit Packages) as shown in Fig. 1. 

Specification forms, such as those for the Micrologic 
flip-flop and half-shift register elements shown in Fig. 2, 
describe those characteristics which are of interest to 
the logical engineer. Not only is he guaranteed that each 
device will operate individually, but he is also assured 








* Miniature size (2.312 dia. by 1%”) with 
no sacrifice in resolution 


*¥ Instantaneous interrogation 

*¥ Low torque — will not load shaft 

*¥ Reliable — low power photocircuit and ab- 
sence of moving contact insure long life 
and high reliability 

Ec y derate cost, extensive life, 


and lack of required maintenance reduce 
overall contro! system costs 





For details on standard OPTISYNS get Bul- 
letin #604, 


SPECIAL DESIGNS 


OPTISYN Gimbal Angle Readout Encoder — 
the first digital transducer specifically for iner- 
tial guidance or navigation platforms. Provides 
direct digital readout. Lightweight. Convenient 
shape and size will fit available space. For de- 
tails get Bulletin #606. 


OPTISYN Incremental Pickoff for readout of 
integrating accelerometers. High reliability and 
basic versatility make it ideal for this very ex- 
acting requirement. Available for size 35, 25 
and 16 accelerometers. For details get Bulletin 
#605. 


DYNAMICS 
RESEARCH 
CORPORATION 


38 Montvale Ave., Stoneham, Mass. 
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MAKE THE RIGHT 
CONNECTIONS... 
WITH POMONA 


DOUBLE PLUG 


ADAPTORS 


¥4" SPACED 


Molded Banana 
Plug Accessories 


One piece beryllium 
copper heat treated 
spring insures long life. 


BNC RECEPTACLE 
Model 28-1269 


TNC 
RECEPTACLE 
Mode 
28-1340 


4 TERMINAL 
ISOLATION 
PLUG 
Model 
MOP-X 


TURRET 
SOLDER 
TERMINALS 

Mode 


MICRODOT 
RECEPTACLE 
MIN. COAX 
Screw-on 
Type 
Model-Ohms 
28-1275 50 
28-1277 70 
28-1279 93 § 


Send for Free GENERAL 
CATALOG 6-61. Quantity 
prices upon request. 


1500 East Ninth Street, Pomona, California 
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PRELIMINARY CHARACTER STICS 


MICROLOGIC ELEMENT “F° 
FLIP - FLOP 


SUPPLY VOLTAGE + 3 Vg; 
POWER DISSIPATION 30 mW (TYP 


TEMPERATURE 55°C TO +125 


+ 30% 


A B, +A 

B, = A+B 

INPUT (TERMINALS 6,8 CAN BE DR 
ELEMENT | MICROLOGIC LOAD 


VEN BY ANY MICROLOGIC 


OUTPUT (TERMINALS 2,4 AN DRIVE UP TO 4 OTHER 
MICROLOGIC ELEMENT LOADS IN PARALLEL 


AVERAGE DELAY 50 nse 


PReiMINaRy MAR ACTER . 


MICROLOGIC ELEMENT “Ss” 


HALF SHIFT REGISTER Ao®, 


rf’ 


SUPPLY VOLTAGE + 3 Vgc + 30% 
POWER DISSIPATION 60 mW (TYP 
TEMPERATURE 55°C TO +125°C 
- o(€ 
A, = B, +A,P 6) 
o- , 22 2/6 
B, = A, +BoP TOP view 
INPUT - CAN BE DRIVEN BY ANY MICROLOGIC ELEMENT 
o » Bo (TERMINALS 6,8) - | MICROLOGIC LOAD 
P (TERMINAL 7 ) - 2 MICROLOGIC LOADS 


OUTPUT (TERMINALS 2,4) -CAN DRIVE UP TO 4 OTHER 
MICROLOGIC ELEMENT LOADS IN PARALLEL. 


AVERAGE DELAY - l00nsec 


FIG. 2. MICROLOGIC Typical Element Specifications. | 


Assignment of pin terminals facilitates printed circuit de- 
sign. 


that the device will function compatibly when intercon- | 


nected with other elements in a system. 
of pin assignments for the various inputs and outputs per- 
mits straight-through wiring and reduces the incidence of 
cross-over. 
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Size 5 Precision Servo Pot 


New wirewound potentiometer designed for high- 
reliability applications in missile, aircraft or ground 
support equipment and used with Size 5 (14” dia) 
servos is available with resistance ranges of 50 to 


100,000 ohms. Linearity is +0.75% for resistances 
less than LOK, +0.50% for 10K and above. Wattage 
is 2 watts at 80°C derating to zero at 125°C. Meets 
environmental specs NAS710, MIL-R-19A, - 27208, 
12934B and MIL-E-5272A with operating tempera- 
tures from 50° to 125°C. Electrical function angles 
from 30° to 354° are available, and bronze sleeve 
bearings, ball bearings or sealed construction may be 
specified by customer. Shaft rotational torque is .05 
oz-in with bronze bearings .. . (From 50-page catalog, 
“Single-Turn Precision Wire-Wound Potentiometers,” 
Maurey Instrument Corporation, 7924 South Ex- 
change Ave., Chicago 17, Ill.) 
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Careful planning | 
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in Your 
Aero-Space 
Circuits 


“AR” SERIES RESET TIMER 


Following predetermined time cycle, 
motor stops. When clutch is released, 
timer resets to starting position within 
150 milliseconds. 


“AP” SERIES PROGRAM TIMER 


Unit repeats predetermined cycle con- 
tinuously until power to the motor is 
interrupted. 











Here’s a PERFECT PAIR of miniature, hermetically sealed motor driven 
timers for both airborne and ground support applications. Operative 
in 12 G acceleration, these versatile units perform reliably in ex- 
tremes of vibration and temperature. 


SPECIFICATIONS 


© COMPACT —2!/, x 4!/2” outside cylinder dimensions © LIGHT WEIGHT — 30 
oz. or less © UP TO 7 independent load circuits ¢ TIME CYCLES—1JI second to 
several hours © POWER INPUT— Choice of 115 V., 60 cycle; 115 V., 400 cycle; 
28 V.D.C. ¢ FLEXIBLE—Can be equipped with plug-in header for quick change 
of time cycles 


Write for Bulletins 825 and 830 or call your local Eagle Representative. 
He’s listed in Sweet’s Product Design File, Section 7d, or in Thomas Register. 


TIMERS ALS® CUSTOM-BUILT TO MIL-SPECS. COMPLETE FACILITIES FOR QUALIFICATION TESTING. 


wig ES ey = [e 


ie 4 Reset Precision In Interval Multi ~ A --aaan Pneumatic Heavy 
im 


Heavy-Duty 
Timers Repeat Cae h 


imers Step Switch 
MANUFACTURERS OF THE MOST COMPLETE LINE OF GROUND SUPPORT TIME CONTROLS. 


» EAGLE SIGNAL COMPANY ©@& Moline, Illinois 
INDUSTRIAL DIVISION 





DIVISION OF THE GAMEWELL COMPANY, AN E. W. BLISS COMPANY SUBSIDIARY 
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Elapsed Time Indicator gives 
visual check of power interrup- 
tions. Tied in with missile power 
supply from final assembly to 
launching. Records length of 
individual interruptions and 
total time off. 


Transistorized Time Delay Re- 
lay (left) controls timing inter- 


_ vals from 50 millise ds to 


5 minutes. Made in 72 


Hermetically Sea Delay 


Timer (right) provides fixed or 
adjustable time delay for repeat 
and reset cycle delay timing 
and sequencing for missiles or 


c ground support equipment. i ' 


1S. SR se EO 


Atcotran Differential Trans- 
formers are electromechanical 
transducers for measuring 
linear motions. Three ATC mil- 
spec approved types, 6210-K 
(left) 6207-K (center) and 
6203-K (right) give unprece- 
dented reliability as displace- 
ment pick-offs for altimeters, 
pressure cells, servo feed-back 
signals, etc. 


ATC can supply all kinds of dif- 
ferential transformers, timers, 
pick-offs and other related mil- 
spec components — designed 
and engineered to the most 
stringent specifications. Exten- 
sive research and development 
is constantly increasing relia- 
bility, design compactness and 
circuit simplicity to meet ever 
more exacting air and ground 
requirements. 











Send for your free Condensed 
Catalog ‘‘Automation Components 
and Control Systems”—today! 


AUTOMATIC TIMING 
& CONTROLS, INC. 
KING OF PRUSSIA, PENNSYLVANIA 


A Subsidiary of American Manufacturing Company, Inc. 
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0.5 —1.0 
Base Current |, (microomperes) 


FIG. |. V., and V., Base Current. 


Transistor Chopper Transients 


The switching action of a transistor used in low level 
choppers introduces voltage transients in the output. At 


| chopping frequencies, the transients are produced by 

| capacitive feedthrough of the drive signal to the output 
| through junction capacitances and by the transistor 
| switching time. The unequal turn-on charactcristics of 


transistor junctions generate voltage peaks in low-fre- 
quency choppers. All output voltage transients can be 
reduced if not completely eliminated by correct chopper 
transistor circuit design. 

One type of output voltage spike predominant at low 
frequencies (to about 200-300 cps) is the offset voltag 
transient caused by the unequal dc turn-on characteristics 
of the transistor junction and the interaction between 


| them. Fig. 1 shows both the emitter-base and collector 


base voltages as a function of base current. The offsct 
voltage, or potential difference between the emitter and 
collector terminals, reaches a peak at a base current of 


| about 0.3 pamp (Fig. 2), but decreases as V.., and V,, 
| approach each other with increasing base current. The 


effect on output voltage compared with base drive voltage 


at 
[ 


—25 




















Offset Voltage Vp, (millivolts) 














—0.5 —1.0 
Base Current |, (microamperes) 


FIG. 2. OFFSET Voltage vs Base Current. 


FIG. 3. OFFSET VOLTAGE Transient (left) Base Drive, | 
vert. 2v/div: (right) Output voltage, vert. | mv/div. Hori- | 


zontal scales both 2 psec/div. 


binding 
posts 


for 


alsa aelalle 


210) 8) | (eh ele) als 


Binding Post Ne. 876 

WRAP AROUND TYPE 

Rated 2,000 V ac RMS test 
30 amp safe current-carrying 
capacity. Accepts phone tip 
plug, spade lug, banana plug, 
alligator clip and wire strand, 
Direct solder connection 
Mounts in 42” or keyed hole 
for panels 1/16”-1/4” thick 


Binding Post No. 878 
5-WAY GROUNDING TYPE 
Accepts phone tip plug, ba- 
nana plug, spade lug, alli 
gator clip, and wire strand 
8-32 threaded stud. Nickel- 
plated brass body and insert 
in head. Can be completely 
insulated from panel by using 
special fibre washers and 
hex nuts. 


Binding Post Ne. 879 
FULLY INSULATED TYPE 
Accepts phone tip plug, ba- 
nana plug, spade lug, alli 
gator clip and wire strand. 
Nickel-pilated brass body. 
8-32 threaded stud. Mounts 
in panel with milled slot for 
locking in 5/16” hole. 


Terminals and custom fabrication of 
all insulating materials to commer- 
cial and government specs. Assem- 
bly of components on resistor and 
terminal boards. Tip, Banana, Tele- 
phone Plugs and Jacks from stock. 
Let us quote on your requirements. 
Write for data. 








NATIONAL TEL-TRONICS 


CORPORATION 





ONKERS 


| 
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DESIGNED 
TOENSURE = 
ACCURATE = 
SPACE FLIGHT! 


Encased in this little block of bakelite is a 
tiny incandescent lamp visible only through 
this small port. But, small as it is, its respon- 
sibility is great—for on the performance of 
this lamp will depend the flight accuracy 
of a future space ship—and, who knows, 
perhaps even the life of one of our first 
astronauts! 

Naturally, any device carrying such great 
responsibility, must be designed to meet 
tough specifications. The filament of this 
lamp, designed to play an important role 
in the flight control system of one of our 
space flight projects, is rigidly and accu- 
rately suspended in a manner that enables 

it to withstand impact tests of 10 Gs and vibration to 1000 C.P.S. 
without losing its precise alignment. 

Problems such as this are no novelty at Chicago Miniature Lamp 
Works. Every lamp,—whether specially designed for some fantastic 
space-conquering project or made for use in a dollar flashlight,—is 
built by the same precision and quality manufacturing methods that 
have made Chicago Miniature Lamps the standard by which lamp 
quality and performance are judged. 

Standard or special, for better performance always specify Chicago 

Miniature Lamps. 


Send for free miniature lamp data book! 
CHICAGO MINIATURE LAMP WORKS 
1553 North Ogden Avenue ° Chicago 10, Illinois 


SO YEARS OF SERVICE 
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Do you know? 


11 Cerafil capacitors can fit under 
a dime... we tried it. Hi-Q Cerafil 
capacitors are the smallest 
ceramic units available anywhere! 
Unique design makes it possible 
to obtain extremely high 
capacities per unit volume. 

Want complete technical 
specifications? Write today to... 



































AEROVOX CORPORATION, 101! SENECA ST., 
OLEAN, NEW YORK 
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RESISTOR 
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| FIG. 4. DRIVE CIRCUITS for transistor choppers using 


sinewave inputs. (A) Zener diode clamping. (B) Stabistor 
clamping (preferred for low-level applications). 


is seen in Fig. 3. 
The effects of the offset voltage spike can be minimized 


| by increasing the rise time of the base drive voltage. 
| This is done by increasing the drive voltage while pro- 
| viding zener or stabistor clamping of the input (Fig. 4). 


—(From Technical Applications Bulletin No. 2109, 


| “Transients in Transistor Choppers,” Sperry Semicon- 
| ductor Division, Sperry Rand Corporation, Norwalk, 


Conn.) 
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Solid-State Limiter Replaces 
X-Band TR Radar Tubes 


Nonlinear properties of both ferrites and diodes are 


| exploited in a new ferrite-diode power limiter designed 
| to protect radar mixer crystals. According to Dr. Howard 


T. Ozaki, manager of the Hughes Aerospace R & D Divi- 


| sion, Hughes Aircraft Co., Culver City Calif., a Navy- 


| sponsored effort has developed an all-solid-state device 
| featuring completely passive operation, instantaneous re- 


covery time, long life and excellent reliability and protec. 


| tion at high power levels. In contrast, conventional TR 


tubes have the disadvantage of long recovery time, lim- 
ited life and uncertain reliability. 

Former attempts to apply the non-linear properties of 
ferrites in X-band limiters were not satisfactory because 


| of a large leakage spike on the limiter output pulse. 
| Combination of the ferrite limiter with a suitable varactor 
| diode limiter reduces the leakage spike to a very low 


level. Tests on the first experimental model show that 


_ the limiter delivers an output power low enough to pro- 
| tect the mixer crystal from incident power up to 5 kilo- 


watts. 
Ferrites show no attenuaton at low power levels but 
protect against high power levels by absorbing power 


| to excite subharmonic spin waves in a type of parametric 


oscillator. Because of the time required to excite the 
spin waves a large leading spike of about 0.1 psec dura- 


| tion is present. Properly biased varactor diodes placed 
| in the microwave circuit also have low loss at low power 
| levels but at powers above 500 mw produce a reactive 
| affect which absorbs the leakage spike, thus supplying an 
| output pulse below the crystal burnout level. The com- 
| plete limiter, employing diode and ferrite protection, is 
| shown in the illustration. 
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ANALYSIS 


Telemetering......... Models TA-100L, TA-120L; 
12 cps to 120 KC; 350 cps to 120 KC 
Ultrasonic....................Model $S-500; 75 cps to 600 KC 
Supersonic..........Model SS-100; 13.5 cps to 110 KC 
Sonic......................Model $$-20; 6 cps to 23 KC 
Subsonic.......Model SS-5; 1 cps to 5.3 KC 


SSB... Model MD-500; 
500 KC to 1000 MC 


LET 
PROBESCOPE 


SPECTRUM 


ANALYZERS 
SOLVE THEM 


Synchronous Sweep Generators 
Frequency Range Extenders 
Sweep Range Extenders 
Signal Alternators 





Write or phone for complete specifications PO 7-8150 


PROBESCOPE 


PROBESCOPE COMPANY, INC. 
8 SAGAMORE HILL DRIVE, PORT WASHINGTON, N. Y. 
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It's the LIxON 6752-12 


designed, produced and flight-approved 


for the Boeing B-52H 


The new KLIXON 6752-12... approved in all ratings . . . is in 
a class by itself. It’s so much better than previous aircraft 
circuit breakers that new Mil Specs are being written to cover its 
higher performance standards. Its superiority comes from a 
unique combination of advantages. 


High rupture capacity: 6,000 amp 120 V-ac 400 cps; 4,200 amp 
205 V-ac 400 cps; 6,000 amp 30 V-de. 


Ambient temperature compensation maintains protective capabilities 
from —65°F to +250°F. 


Coordinated ratings remove low current circuits from line in case of 
fault, while keeping higher current circuits in operation. 


Longer operating life: 20,000 guaranteed cycles, more than double 
the life expectancy of the standard MS25017 Circuit Breaker. 


For complete data on the reliability-proved KLIXON 6752-12 
Circuit Breaker .. . in 242, 5, 74%, 10, 15, 20, 25, 35 and 50 amp 
ratings . . . write for literature today. 


o 


METALS & CONTROLS INC. 


6108 FOREST ST.-ATTLEBORO, MASS. 
A CORPORATE O!IVISION OF 


TEXAS INSTRUMENTS 
INCORPORATED 
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LOWPASS FILTER — 


New Model 280 UHF Harmonic 
Filter eliminates harmonics of 215 - 
260 mc telemetry transmitters, while 
serving as the RF output fitting for 
a pressure-tight transmitter. Inser- 
tion loss, less than 0.5 db below 260 
me, 50 db above 450 mc.—Adams- 
Russel Co., Inc., 200 Sixth St., Cam- 
bridge 42, Mass. 
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SPACE TRANSMITTER 
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The first ultra high power, high 
frequency transmitter designed to 
operate efficiently in the actual flight 
environment of missiles and space- 
craft provides an output power of 1 to 
2 kw at a frequency of 200 to 400 me, 
in a cylinder 4%” dia. x 13” long.— 
Space Electronics Corp., 930 Air Way, 
Glendale, Calif. 
CIRCLE 262 ON READER-SERVICE CARD 


TANTALUM CAPACITOR 


New HV Type axial lead-type tan- 
talum foil capacitors have single-unit 
ratings to 300 wvdc, over the tem- 
perature range —55° to +85°C, and 
to 250 wvde from —55° to +125°C. 
—Tansitor Electronics, Inc., West 
Road, Bennington, Vt. 
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FIG. 1. SMITH CHART Coupler (center of picture) is 
being used with Swept Signal Generator (right) to ob- 
tain an accurate Smith Chart plot on the oscilloscope. 
A Polaroid camera mount is provided for quick data 
recording, which can be checked on the spot. 


Smith Chart Impedance Plotter 


The measurement of complex impendances over a band 
of frequencies has historically been accomplished by the 
use of slotted lines—a technique requiring highly skilled 
technicians. In comparison with this method, the Smith 
Chart Plotter is quick, simple and most versatile. De- 
signed and developed by the Dielectric Products Engi- 
neering Co., Inc., it provides impedance and admittance 
measurements of such diverse components as antennas, 
filters, load resistors, transformers and other RF net- 
works. 

The Dielectric Smith Chart Coupler provides two push- 
pull outputs, one which is proportional to psin@ for 
horizontal deflection of the oscilloscope beam, the other 
which is proportional to pcos@ for vertical deflection. 
As used here, p is the magnitude of the reflection co- 
efficient, and @ is its phase angle with respect to the in- 
cident wave. 

The latest equipment (Fig. 1) consists of the Telonic 
MS2000 Swept Signal Generator, with plug-in heads to 
match the tuning ranges of the Smith Chart Plotters, the 
Dielectric Smith Chart Coupler, and the oscilloscope 
equipped with a camera mount to accommodate any 
Polaroid camera using the Land 3000-speed film. A load 
resistor is being measured in this picture. 

Calibration of the coupler is shown in the pictorial 
diagram, Fig. 2. A known mismatch at the end of a 
delay cable is substituted for the device under test. For 
example, a 600 ohm load is appropriate when the ex- 
panded chart faceplate is to be used. In this case, the 
VSWR would be 1.2 since Zp = 50 ohms. 

With the signal generator sweeping, the signal level, 
the oscilloscope X and Y gains, and the X and Y ad- 
justments on the coupler are adjusted to make the trace 
coincide with the 1.2 VSWR circle on the Smith chart. 


MARKER GENERATOR SWEEP GENERATOR 


fag 
capacitive | 
AM hs ‘ 
fecN 


RFE NETWORK N 
UNOER TEST 














FIG. 2. CONNECTION DIAGRAM shows test or cali- 


bration method. 


MILITARY SYSTEMS DESIGN 





While making these adjustments, the X and Y positioning 
controls of the Hewlett-Packard oscilloscope are used to 
center the blanking dot on the Smith chart. 

To properly orient the resistance axis of the faceplate, 
the mismatch is removed and the unknown load or com- 
ponent is connected. At the required impedance reference 
point, which for example might be mounted to an antenna 
or filter, the feed line is shorted and the signal generator 
adjusted to the center frequency of the band to be swept. 
The R-axis of the faceplate is rotated to align with the 
blanking trace. At this point, the plotter is completely 
calibrated and ready for use.—(From bulletin 60-3, 
Dielectric Products Engineering Co., Inc., Raymond, 
Vaine.) 
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Component Noise Clinic is 
WESCON Attraction 


On-the-spot tests of sample batches of resistors, ca- 
pacitors, transistors and diodes for excessive noise will 
be performed without charge by component-noise experts 
from Quan-Tech Laboratories, Boonton, N. J. at their 
WESCON booth 1020-1021. Firms or individuals are 
invited to bring in samples for analysis; detailed reports 

ge ee rae a Ye brs fe j 
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TRANSISTOR Noise Analyzer Model 310, which 

simultaneously measures noise inherent in transistors 

at 100, 1000 and 10,000 cps, will be used in the 

WESCON Noise Clinic. The low frequency band- 

passes indicate fluctuation noise, while the higher 

range measures “'shot'’ noise. 
of the amount of noise generated by the components will 
be provided immediately. 

Analyses of noise will be accomplished by equipment 
developed and manufactured by Quan-Tech, including 
the Model 310 Transistor Noise Analyzer, Model 314 
Diode Noise Analyzer, Model 315 Resistor Noise Test 
Set, Model 303 Noise and Wave Spectrum Analyzer and 
other accessory noise equipment. 

According to Quan-Tech engineers, component noise 
as a major problem in electronic technology is receiving 
increased attention because of the Armed Forces’ insist- 
ence on increased reliability. In addition to the degrading 
effects of noise upon performance, there is increasing 
evidence that a correlation may exist between noise and 
reliability. The only safeguard is 100% inspection of 
critical components for high noise levels. Quan-Tech 
equipment enables such production tests. 
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Now—Pressure Sensitive Die-Cut 


PRINTED CIRCUIT 
PANEL PADS 


And CONNECTOR TAPES 


32-17% 
Peay 


Make Layouts Without Ink... 
Neat, Clean, Faster, Cheaper! 


Merely press these pre-cut forms into 
place, presto—a neat, clean, master layout! 
Dozens of shapes, hundreds of sizes, pre- 
cision die-cut from pressure-sensitive black 
photographic tape, enable you to draft any 
circuit: no artistic skill required. Make 
changes in seconds without messy erasing. 

Send for catalog today, see how drafting 
time is cut, how prototypes are faster, 
easier, than ever—at far less cost! 





IMMEDIATE DELIVERY 
ON ALL ITEMS 





Special shapes for even entire cir- 
cults or other repetitive items) die- 
cut to your specs in only 10 days! 


Write for FREE FOLDER Today! 


PRODUCTS 
COMPANY 
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6918 STATE ROAD 
PHILADELPHIA 35, PA 
DEvonshire 3-0400 


PANEL METERS 


New Model 145 commercial panel 
meter achieves a scale length of over 
4” in a meter measuring only 2%” by 
5”. Models 25 and 35 meet all pro- 
visions of MIL-M-10304B.—Rowan 
Controller Co., 30 Bridge Ave., Red 
Bank, N. J. 
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RESISTOR NETWORKS 


New lug-type resistor networks y%” 
diameter, are available in lengths up 
to 6” with a maximum of 18 re- 
sistors in the network.—Reon Resistor 
Corporation, 155 Saw Mill River Rd., 
Yonkers, N. Y. 
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COAX ROTARY JOINT 


New Model 320 Coaxial Rotary 
Joint for antenna-receiver and servo- 
drive applications from 800 - 12000 
mec has VSWR of 1.10 at 800 - 6000 
me, to 1.30 at 8000 - 12000 mc.— 
Sage Laboratories, Inc., 3 Huron 
Drive, East Natick Industrial Park, 
Natick, Mass. 
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BELLOWS COUPLINGS 
cae. 


Sub-miniature to medium size hi- 
flex couplings are applicable to 
servomechanisms and computers 
where backlash and cylic angular 
variations between 2 shafts cannot be 
tolerated.—Sterling Precision Corp., 
17 Matinecock Ave., Port Washington, 
SS a 
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MIL-T TERMINALS 


= as wa oh 


New Military Terminal Boards 
meetirg MIL-T-16784B are available 
as single row, double row or through 
connected type boards, satisfying the 
full range of wiring possibilities.— 
Kulka Electric Corp., 633 So. Fulton 
Ave., Mt. Vernon, N. Y. 
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MINI FILM RESISTORS 
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New micro-miniature carbon film 
resistors - PT30 (1/10 watt) and 
PT55 (% watt) are only 0.156” and 
0.281” long respectively. Have tol- 
erances of +1.0%, voltage coefficient 
less than .0002%/V, and temperature 
coefficient of —.02 to —.05%/°C.— 
Pyrofilm Resistor Co., Inc., Box 1521, 
U.S. Highway #46, Parsippany, N. J. 
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D-C 
POWER 


Up to 1500 Amperes 


Over 200 
Rectifier Power Supplies 
Automatic Battery Chargers 
in these 6 Types 


SILICON 
CONTROLLED 


RECTIFIER TRANSISTOR- 


MAGNETIC 
AMPLIFIER 





MAGNETIC 
AMPLIFIER 
(STAVOLT) 


UNREGULATED AND 
SEMI-REGULATED 
(RECTODYNE) 





AUTOMATIC 
BATTERY 
CHARGERS 
FOR EVERY TYPE 


ALL 
TRANSISTOR OF BATTERY 





Write for 
Complete Information 


CHRISTIE 
ELECTRIC CORP. 


3412C West 67th Street 
Los Angeles 43, California 
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EICO, 3300 N. Bivd., L.1.C. 1, Y. MSD 

Oo Send free 32-page catalog. Pt dealer's co 
(J Send new 36-page Guidebook to HI-FI for 
which | enclose 25¢ for postage & handling. 


Name 
Address , 
City sii _ State. 


FICO 
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You Get Things Done With 
Boardmaster Visual Control 


vy Gives Graphic Picture of Your Opera- 
tions—Spotlighted by Color 

vy Facts at a glance — Saves Time, Saves 
Money, Prevents Errors 

yy Simple to operate — Type or Write on 
Cards, Snap in Grooves 

ye Ideal for Production, Traffic, 
Scheduling, Sales, Etc. 

vy Made of Metal. Compact and Attractive. 
Over 500,000 in Use. 


Full price $4gee with cards 


FREE 24-PAGE BOOKLET No. MT-30 
Without Obligation 
Write for Your Copy Today 


GRAPHIC SYSTEMS 
Yanceyville, North Carolina 
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MICROWAVE EQUIPMENT RF/T, describes in 2-page 
Bulletin ECM-144, is for voice, data, teletype, facsimile 
and telegraph transmission. —Section P, General Elec- 
tric, Communication Products Dept., P. O. Box 4197, 
Lynchburg, Va. 

FOR THIS LITERATURE CIRCLE 274 ON READER-SERVICE CARD 


MINI OSCILATORS, 4-page bulletin describes minia- 
ture microwave C-band Type 9180 and S-Band plate 
pulse Type 9150S Oscillators——Trak Microwave Corp., 
5006 N. Coolidge Ave., Tampa 3, Fla. 

FOR THIS LITERATURE CIRCLE 275 ON READER-SERVICE CARD 


ANTENNA INSTRUMENTATION, 16-page Condensed 
Catalog describes antenna pattern recording, receiving, 
transmitting and control equipment and accessories.— 
Scientific-Atlanta, Inc., 2162 Piedmont Rd., N. E., At- 
lanta, Ga. 

FOR THIS LITERATURE CIRCLE 276 ON READER-SERVICE CARD 


UHF TO VHF CONVERTER, Model 1405, is described in 
2-page bulletin.—Microdot Inc., 220 Pasadena Ave., 
South Pasadena, Calif. 

FOR THIS LITERATURE CIRCLE 277 ON READER-SERVICE CARD 


MICROWAVE ANTENNAS, 16-page Catalog 100 de- 
scribes Plane and Dual Polarized Parabolic Antennas 
(mesh or spun) in frequency ranges from 806 mc to 
13.2 kme.—Technical Appliance Corp., Sherburne, N. Y. 
FOR THIS LITERATURE CIRCLE 278 ON READER-SERVICE CARD 


WAVEGUIDE CHART, 2-page “Reference Table of Rigid 
Rectangular Waveguide Data and Fittings” covers all 
standard EIA waveguides between WR10 and WR2300, 
includes performance, dimensions, standard JAN flange 
references and cross reference between WR and RG 
numbers.—Microwave Development Labs., Inc., 15 
Strathmore Rd., Natick Industrial Centre, Natick, Mass. 
FOR THIS LITERATURE CIRCLE 279 ON READER-SERVICE CARD 


FERRIMAGNETIC GARNETS, Bibliography on theory 
and application of Ferrimagnetic Garnets includes 19 
references.—Microwave Chemicals Lab., Inc., 282 7th 
Ave., New York 1, N. Y. 

FOR THIS LITERATURE CIRCLE 280 ON READER-SERVICE CARD 


RF MAGNETIC COMPONENTS are described in 5-page 
Bulletin 561; includes data on encapsulated RF trans- 
formers, crystal filters and radar receivers.—Applied 
Components Inc., 401 E. Beach Ave., Inglewood, Calif. 
FOR THIS LITERATURE CIRCLE 281 ON RFA\DER-SERVICE CARD 


FLEXIBLE COAXIAL CABLE. 16-page Catalog H de- 
scribes Heliax flexible airdielectric cable-——Andrew 
Corp., Box 807, Chicago 42, Ill. 

FOR THIS LITERATURE CIRCLE 282 ON READER-SERVICE CARD 


MICROWAVE COMPONENTS. 12-page Catalog HS-61 
details Sidewall Short-slot Hybrids for high frequency 
radar and communication service.—Microwave Develop- 
ment Laboratories, Inc., 15 Strathmore Rd., Natick In- 
dustrial Center, Natick, Mass. 

FOR THIS LITERATURE CIRCLE 283 ON READER-SERVICE CARD 


ANTENNA/MICROWAVE TEGHNOLOGY. 12-page bro- 
chure features products and facilities of Dorne and 
7 ag Inc., 29 New York Ave., Westbury, L. L., 


FOR THIS LITERATURE CIRCLE 284 ON READER-SERVICE CARD 
SUBCONTRACT MANUFACTURING. 16-page “Manual 


or Facts” describes subcontract manufacturing serv- 
ices.—Paraplegics Manufacturing Co., Inc., 304 N. York 
Rd., Bensenville, Ill. 

FOR THIS LITERATURE CIRCLE 285 ON READER-SERVICE CARD 


MIGROWAVE ATTENUATOR, 2-jage Bulletin P-2 de- 
scribes Metal Film Resistance Carcl, a metal resistance 
film deposited on a laminated fibre glass plastic base 
which is dimensionally stable and hes extremely low 
moisture absorption—Filmohm Corp.,. 48 W. 25 St., 
New York 10, N.Y. 
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MICROWAVE OSCILLATOR 


Ba ea 


New Model TS 418 microwave sig- 
nal generator features a +2 mc cali- 
bration accuracy and 0.1% reset- 
ability using a direct reading fre- 
quency tuning mechanism. Operating 
frequency is from 400mc to 1 kmc. 
When used with 2C36 or similar UHF 
Triodes, 10 mw power into a 50 ohm 
load is achieved. Power output is 
monitored by a bead and disc ther- 
mistor bridge.—F'requency Standards, 
P.O. Box 504, Asbury Park, N. J. 


CIRCLE 287 ON READER-SERVICE CARD 


rae INTENSITY RECEIVER 


7" New Model CFI 

.} microwave Field 

intensity receiver 

| system is mobile, 

transistorized, cali- 

brated field inten- 

sity instrument 

covering the 1 kmc 

to 10 kme range. 

Besides the basic 

"2. unit, it includes 

four RF tuning units, impulse calibra- 

tor, five antennas and a tripod. The 

basic receiver features a calibrated 

meter to indicate average, peak, slide- 

back peak and quasi-peak values on 

five scales: 1,000 y»v,, db above 1 yzv/ 

me (lmec bandwidth), db above luv/ 

me (5 me bandwidth), 70 db relative, 

and 20 db linear.—Polarad Electron- 

ics Corp., 43-20 34th St., Long Island 
City 1, N. Y. 
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New Model “20” power supply 
cabinet for capacities in the 12 to 45 
kw range, meets shock and vibration 
requirements of category “D” per 
MIL-E-4970A. It is also weather- 
proof and suitable for outdoor use.— 
Christie Electric Corp., 3410 W. 67th 
St., Los Angeles 43, Calif. 
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_UNEAR MOTION POT 


New Model 150, init travel linear 
motion potentiometer is sensitive to 
movements as small as 0.00006”. This 
new unit can be used to sense small 
deflections and bending movements of 
structures, position of miniature 
valves or linkages and similar ap- 
plications. The spring loaded shaft 
drives a Flexure-supported wiper as- 
sembly multiplies input motion for 
fine resolution without introducing 
friction or backlash errors. Static 
error band, +2%.—Bourns, Inc., 6135 
Magnolia Avenue, Riverside, Calif. 
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REMOTE ANGLE INDICATOR 


New three-channel, transistorized 
remote angle indicator for remote 
readout of inertial platform orienta- 
tion is completely housed in a 3%” 
x 19” x 14” panel. 

Each channel’s CX-type remote 
angle sensor feeds into a CT resolver 
connected to a counter through a 
360:1 anti-backlash gear train. Each 
position indicator displays the posi- 
tion of the inertial platform in de- 
grees and minutes.—American Elec- 
tronics, Inc., Instrument Div., 9503 
West Jefferson Blvd., Culver City, 
Calif. 
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ACCELEROMETERS 
SINGLE AXIS 


RE eT 


New single axis accelerometers 
which employ fluid damping and tor- 
sion-bar spring restraint are designed 
for low-cost inertial systems where 
the output is integrated to provide 
velocity and distance information. 
Complete performance characteristics 
on request.—Kearfott Div., General 
Precision, Inc., 1150 McBride Ave., 
Little Falls, N. J. 
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IFF-TACAN ANTENNAS 
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New flush-mounted L-Band an- 
tennas for the supersonic B-58 have 
specifications of: VSWR 1.6 from 
1000 to 1100 mc, probe-coupled 16 to 
20 db down, power 10 watts average 
2500 watts peak at 75,000 ft., weight 
13 oz., temperature —65° to —260°F. 
—Transco Products, Inc., 12210 Ne- 
braska Ave., Los Angeles 25, Calif. 
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ATTITUDE CONTROL 


New high response miniature atti- 
tude control valve cold gas attitude or 
directional control systems in missiles 
or space vehicles uses a low im- 
pedance type solenoid design combined 
with a bi-stable poppet arrangement 
utilizing full flow forces for very fast 
actuation.—James, Pond & Clark, Inc., 
2181 East Foothill Blvd., Pasadena, 


TRIMMER POT, 2-page Data Sheet 184 describes new 
7/16” x 1/2”, Series 220 single-turn commercial com- 
position trimmer—CTS Corp., Elkhart, Ind. 

FOR THIS LITERATURE CIRCLE 296 ON READER-SERVICE CARD 


RESISTORS, POWER RHEOSTATS, RELAYS and other 
components for military applications are described in 
32-page Catalog 50B.—Ohmite Mfg. Co., 3601 Howard 
St., Skokie, Il. 

FOR THIS LITERATURE CIRCLE 297 ON READER-SERVICE CARD 


PRECISION RESISTORS, carbon film, metal film, wire- 
wound, miniature, etc. are described in 4-page Bulletin 
SF 100. -—Key Resistor Corp., Gardena, Calif. 

FOR THIS LITERATURE CIRCLE 298 ON READER-SERVICE CARD 


TRANSISTORIZED Digital System Modules are de- 
scribed in 16-page catalog 300C3. Includes system func- 
tions which are packaged on each gold plated module.— 
Navigation Computer Corp., Valley Forge Ind. Park, 
Norristown, Pa. 

FOR THIS LITERATURE CIRCLE 299 ON READER-SERVICE CARD 


PLANAR DIODES are described'in new 12-page, three- 
color diode catalog S1-204/4 which describes more than 
200 “1N” and “FD” series silicon Planar diodes.— 
Fairchild Semiconductor Corp., 4300 Redwood Highway, 
San Rafael, Calif. 

FOR THIS LITERATURE CIRCLE 300 ON READER-SERVICE CARD 


SELENIUM DUAL DIODES are described in new 2-page 
Bulletin SDD-1—International Resistance Co., 401 N. 
Broad St., Phila. 8, Pa. 

FOR THIS LITERATURE CIRCLE 301 ON READER-SERVICE CARD 


AMPLIFIER. 2-page brochure describes Airborne d-c 
amplifiers.—Microdot Inc., 220 Pasadena Ave., South 
Pasadena, Calif. 

FOR THIS LITERATURE CIRCLE 302 ON READER-SERVICE CARD 


TRANSISTORS. 2-page Application Note 15-A describes 
stability of Delco Radio Power Transistors.—Delco 
Radio Div., General Motors Corp., Kokomo, Ind. 

FOR THIS LITERATURE CIRCLE 303 ON READER-SERVICE CARD 


PRECISION ATTENUATOR, 2-page spec sheet describes 
Model AS-1 Attenuator Set.—Weinschel Engineering, 
10503 Metropolitan Ave., Kensington, Md 

FOR THIS LITERATURE CIRCLE 304 ON READER-SERVICE CARD 


POTTED RECTIFIERS, 10-page bulletin lists “off the 
shelf” Solidpak double diffused high-voltage potted 
rectifier assemblies.—Solitron Devices, Inc., 500 Living- 
ston St., Norwood, N. J. 

FOR THIS LITERATURE CIRCLE 305 ON READER-SERVICE CARD 


TRANSISTORS. 6-page Bulletin S-16 gives design char- 
acteristics and parameters of 2N756A-2N760A Series 
NPN Silicon Diffused Mesa Transistors.—National 
Semiconductor Corp., Danbury, Conn. 


ilaaurl 
switch 
engineering 


CPI R&D OFFERS A SUPER-HIGH TEMPERATURE 





CONTROL SWITCH WITH A CHOICE OF SEALING 


Here’s real thermal switch engineering! The original super-high temperature 
CPI thermal switch (to the left in the illustration) was environmentally sealed and 
performed excellently. However, the interest that it created for additional 
applications led to even further development. CPi research went to work and 
came up with a modification of the original super-high temperature switch. 
Now the switch is available with an internally hermetically sealed 

SELENIUM RECTIFIERS. 4-page Bulletin 400 gives elec- ‘ ; ‘ ‘ 
pay and mechanical specs of — selenium cells « o head construction, using a special ceramic seal. 
and stacks, and cartridge-type selenium rectifiers.— This is another case story of how CPI research can help solve your thermal 

Semi t iv., t Co., H ity, Pa. 

Semiconductor Div., Syntron Co oe Se, Se contro! problems. If you have such problems now, tell us about them. 


FOR THIS LITERATURE CIRCLE 308 ON READER-SERVICE CARD 

GERMANIUM TRANSISTOR. 6-page Brochure 30.67 de- These probe-type thermal 

scribes Type 2N1289 high-speed computer switching switches can be cali- —— ll 
brated up to 1750°F. Each 

can safely overshoot 

‘to 2200°F or undershoot to 


transistor.—General Electric Co., Semiconductor Prod- 
— 100°F and both exceed 


Calif FOR THIS LITERATURE CIRCLE 306 ON READER-SERVICE CARD 


ARC SUPPRESSORS. 2-page Bulletin SE-1001 describes 
are suppression selenium rectifiers, lists a-c and d-c 
type contact protectors available with voltage ranges 
and maximum rms coil currents for each type.—Elec- 
tronic Devices, Inc., 50 Webster Ave., New Rochelle, 


aNe 
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TRANSISTOR TESTER 


FOR THIS LITERATURE CIRCLE 307 ON READER-SERVICE CARD 





ucts Dept., Liverpool, 
FOR THIS LITERATURE CIRCLE 309 ON READER-SERVICE CARD 


New h-Parameter Testor quick tests TRANSISTORS. 7 Data Sheets detail performance of 


the four “h” parameters of any sig- 
nal transistor to 2% accuracy, over 
wide operating ranges, in either 
grounded base or grounded emitter 
configurations.—Tenco Electronics, 
Inc., 108 Cummington St., Boston 15, 
Mass. 
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PNP Alloy Junction Transistors.—Semiconductor Div., 
Sperry Rand Corp., Norwalk, Conn. 
FOR THIS LITERATURE CIRCLE 310 ON READER-SERVICE CARD 


MODULES, 16-page catalog describes 300 Series Trans- 
istorized Digital System Modules.—Navigation Com- 
puter Corp., Valley Forge Industrial Park, Norristown, 
Pa 


FOR THIS LITERATURE CIRCLE 311 ON READER-SERVICE CARD 


standards of MIL-E-5272A 


Applications include gas 











ae in: CONTROL PRODUCTS, INC. 


Ss SU PL rah ONS watt ae seeks 


274 Ridgedale Ave., Hanover. N. J. 
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NOW...the smallest 
microwave oscillators 
we've ever made! 


Microwave projects, impossible be- 
fore, are now possible with these 
new sub-miniature Trak microwave 
oscillators. Limited quantities of de- 
velopmental models now available. 
TRAK TYPE 9180 Size: %” long 
by %4” diameter, excluding pro- 
jections. Frequency: plate pulse, 
4.5 KMc to 6 KMc; CW service, 
4.0 to 5.5 KMc. Tuning range is 
limited to approximately 100 
megacycles. 
TRAK TYPE 9181 Size: 142” long 
by 9/16” diameter, excluding 
projections. Frequency: CW serv- 
ice, 5.0 KMc to 6.0 KMc with 
tentative tuning range of 400 
megacycles, 
TRAK MICROWAVE offers a com- 
plete line of microwave energy 
sources including oscillators, ampli- 
fiers and harmonic generators. 
Write for Catalog 61-A. 
See our WESCON display — Booth 
2117; ISA display — Booth 501. 


TRAK MICROWAVE 
TRAK CORPORATION 


5006 N. Coolidge Avenue 
Tampa 3, Florida 
PHONE: REdwood 6-6422 or REdwood 6-6407 


Specialists In Miniature 
Microwave Energy Sources 


CIRCLE 104 ON READER-SERVICE CARD 


74 





ELECTRON TUBES. 12-page Filamentary Subminiature 
handbook describes characteristics and applications of 
tubes; 12-page Gas and Vapor Electron Tube hand- 
book describes voltage regulator and voltage reference 
tubes, rectifiers, and thyratrons, decade counters and 
radiation counter tubes.—Raytheon Co., Industrial 
Components Div., 55 Chapel St., Newton 58, Mass. 
FOR THIS LITERATURE CIRCLE 312 ON READER-SERVICE CARD 


ELECTRON TUBES. 16- -page Condensed Catalog lists 
complete tube line including magnetrons, microtron, 
klystrons.—Litton Industries, Electron Tube Div., San 
Carlos, Calif 

FOR THIS LITERATURE CIRCLE 314 ON READER-SERVICE CARD 


INFRARED Equipment is described in 4-page Brochure 
“Breakthrough in Infrared Processing,” including new 
techniques for using high intensity quartz lamp ovens 
and furnaces.—Fostoria Corp., Dept. 102, 1200 N. Main 
St., Fostoria, Ohio. 

FOR THIS LITERATURE CIRCLE 315 ON READER-SERVICE CARD 


SUB-MINIATURE LINEAR ACCELEROMETERS are de- 
scribed in 4-page brochure. Contains data on two 
models of sub-miniature linear accelerometers and a 
concise summary of basic accelerometer principles.— 
fs tg Controls Corp., 225 Park Ave., Hicksville, 


FOR THIS LITERATURE CIRCLE 316 ON READER-SERVICE CARD 


SERVO REPEATER, SR-113, which can be used to indi- 
cate in digital form the angular position of a remote 
shaft is described in data sheet DPS/AG.—Datex Corp., 
1307 S. Myrtle Ave., Monrovia, Calif. 

FOR THIS LITERATURE CIRCLE 317 ON READER-SERVICE CARD 


SPUR GEAR RACKS, “Certified” finepitch type, are 
detailed in S-page pocket folder.—PIC Design Corp., 
Subs. Benrus ~—- Go. Inc., 477 Atlantic Ave., East 
Rockaway, L. I., 

FOR THIS sani ain 318 ON READER-SERVICE CARD 


SERVO REPEATER. 2-page data sheet describes precise 
Servo Repeater.—Kearfott Div., General Precision, Inc., 
Little Falls, N. J. 

FOR THIS LITERATURE CIRCLE 319 ON READER-SERVICE CARD 


TURNTABLE, 4-page Bulletin T844 describes Model 
T844 portable rate turntable and complementing tilt 
stand.—Dunn Engineering Corp., 225 O’Brien bor. 
Cambridge, Mass. 

FOR THIS LITERATURE CIRCLE 320 ON READER-SERVICE CARD 


SINGLE AXIS ACCELEROMETERS are described in 2- 
page data sheet.—Kearfott Div., General Precision, 
Inc., Little Falls, N. J. 

FOR THIS LITERATURE CIRCLE 321 ON READER-SERVICE CARD 


PRECISION COMPONENTS, 4-page bulletin describes 
precision cams, mechanical differentials, synchros, Old- 
ham couplings, and 10-w low-inertia servo motors.— 
Ford Instrument Co., Div. Sperry Rand Corp., 31-10 
Thomson Ave., Long Island City 1, N. Y 

FOR THIS LITERATURE CIRCLE 322 ON READER-SERVICE CARD 


INDICATOR, 2-page data sheet describes Type 9816-05 
Drift Angle and Ground Speed Indicator—John Oster 
Manufacturing Co., Avionic Div., 1 Main St., Racine, 
Wis. 

FOR THIS LITERATURE CIRCLE 323 ON READER-SERVICE CARD 


SYNCHROS. 4-page Data Sheet CS/TS-4-11-1 describes 
Size 11 400-cycle Thru-bore Control and Torque Syn- 
chros for servo applications.—Vernitron Corp., 125 Old 
Country Rd., Carle Place, L. I., N. Y. 

FOR THIS LITERATURE CIRCLE 324 ON READER-SERVICE CARD 


MAGNETIC PARTICLE CLUTCH. 6-page Bulletin 6005-2 
explains operation of magnetic particle and friction 
clutches.—Vickers Inc., Electric Products Div., 1815 
Locust St., St. Louis 3, Mo. 

FOR THIS LITERATURE CIRCLE 325 ON READER-SERVICE CARD 


SERVOMOTOR-GENERATOR, Size 5, Model 9005-1102-0, 
is described in 2-page Data Sheet 61179. —Helipot Div., 
Beckman Instruments, Inc., 2500 Fullerton Rd., Fuller- 
ton, Calif. 

FOR THIS LITERATURE CIRCLE 326 ON READER-SERVICE CARD 


EQUIPMENT CASES Sountins as lightweight shipping 
cases meeting MIL-Specs are described in new 12- 
page booklet,” Standard Cases for Custom Equipment.” 
A Mfg. Gorp., 4707 Alger St., Los Angeles 39, Calif. 
FOR THIS LITERATURE CIRCLE 327 ON READER-SERVICE CARD 


The largest single source of standard 


Precision Electro-Mechanical Components 


Write for our 512 page NEW 
COMPLETE CATALOG 


TERLING 
Components 


5 Sintsink Drive East, Port Washington 
New York Tel.: PO 7-8200 


CIRCLE 105 ON READER-SERVICE CARD 





OWEN TRANSISTORS no 
TEST SET DIODES | ZENERS | Song 
TYPE || Small | Med | Lorge Devices 
210-4 

310 

300 

300 


q * * 


303 
320 

WORTH WRITING FOR: 
“HOW TO CUT DESIGN COSTS 
WITH SEMICONDUCTOR 
TEST SETS” 


RY 
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MINIATURE WIRE-WOUND 
Petra 


~~) 
SS i —— ae 


New Type 261-P encapsulated pre- 
cision wirewound resistor with “re- 
laxed” windings is noninductive, with 
only 1pf distributed capacitance up to 
800 kohm size. Rated at % watt at 
125°C ambient, tolerances to 0.01% 
available.—Kelvin Electric Co., 5907 
Noble Ave., Van Nuys, Calif. 

CIRCLE 328 ON READER-SERVICE CARD 


VARIABLE INDUCTORS 


New encapsulated variable r.f. in- 
ductors, with single or bifilar wind- 
ings meeting MIL-C-15305 are un- 
capsulated under vacuum to insure re- 
liable operation even after prolonged 
immersion in water.—Vanguard Elec- 
tronics Co., 3384 Motor Ave., Los 
Angeles 34, Calif. 


CIRCLE 329 ON READER-SERVICE CARD 


UNDERSEA CAMERA BOX 


New compact 
plastic underwater 
housing is now j 
available for the 
ROBOT STAR Il 
Automatic 35mm 
camera, providing © 
for pictures at 
depths of down to 
100 ft below sea 
level. Up to 50 ex- 
posures without re- 
winding are possi- 
ble-—Karl Heitz, Inc., 480 Lexington 
Ave., New York 17, N. Y. 
CIRCLE 330 ON READER-SERVICE CARD 


HI-POWER TRANSISTORS 


New diffused junction, NPN high 
power single-end stud mounting tran- 
sistors have Vee 100 v, Rear of 0.5 
ohms and min beta of 10 @ 5 amps. 
Types 2N1015 and 2N1016 are de- 
signed for power converters, power 
supply regulators, controls and servo 
amplifiers.—Silicon Transistor Corp., 
Carle Place, N. Y. 
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GIANT WAR 
SURPLUS 
INDUSTRIAL MAGNET 
MIDGET PRICE! 


ALNICO V—lifts over 125 Ibs. 
101 Uses: $995 


over $40.00 Value 


Now you can easily recover tools 
from dip or coolant tanks, hold work 
in place for drill press or grinding 
operations, hold models in place on 
layouts, and use to hold steel parts 
in place for welding, soldering, on 
gauging and aligning racks. Oil drill- 
ers can use to retrieve broken drill 
heads from partially completed wells. 
Also the perfect answer to cleaning 
shop floors of metal fragments, pins, 
etc. without taking up dirt. 
Use this horseshoe-shape, 5-lb. war 
surplus Alnico V type Magnet—tre- 
mendous lifting power, over 125 lbs. Rated at 2,000 
Gauss. Lots of fun, too—use for “fishing” the bot- 
toms of lakes, rivers, ocean, etc. —retrieve motors, 
fishing tackle, metal valuables. 


Stock No. 70,183-AN 5-lb. size 
Steck No. 70,416-AN 31/2 Ib. size 


$9.95 Postpaid 

$7.95 Postpaid 
OTHER SIZES AVAILABLE ON REQUEST 

Order by Stock No.—Check, M.O. or Open Account—Money- back Guarantee. 


FREE! Giant 144-Page GATALOG “AN” 


oven 1,000 SCIENCE-MATH-OPTICAL ITEMS for industry . 
on- lob hel quailty control aids! 144 pages— 
handed of Illustrations. ‘Many war surplus bargains! im. 
instruments! Lenses, Prisms, ay elescopes 
Bertie Scopes, Microscopes, Binoculars Optics for In 
dustry, research labs, ey hobbyists, math learning 
aids. Write for FREE ‘Catalog AN. 





EDMUND SCIENTIFIC CO., Barrington, N. J. 
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INDUSTRIAL POWER BY DC POWER SPECIALISTS 


RECTIFIER 
RESEARCH 


Research is a big word 
at RAPID ELECTRIC 


A great deal of time and expense 
is spent by RAPID in research and 
development of the many 
different types of Industrial power 
supplies. That's why whatever 
your dc power requirements or 
applications may be, from the 
smallest 50 watt bench model to a 
huge 1000 KW unit, you’re sure 

to find our facilities helpful. 


Send in your inquiry or 
call TA 8-2200 for prompt 
technical service. 


Catalog and descriptive 
brochures available. 





a ae ELECTRIC co. INC. 


2881 MIDDLETOWN ROAD « ~NEW YORK 6! N Y. — 8 2200 
PLANTS: (4) NEW YORK,N.Y. * GRAYSBRIDGE ROAD, BROOKFIELD, CONN 
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SONNECTING AND SEALING. 8-page Bulletin WB-1 
ow, When and Why to use a V-Band Coupling.” 
Shenae Div., Aeroquip Corp., 11214 Exposition Blvd., 
Los Angeles 64, Calif. 
FOR THIS LITERATURE CIRCLE 349 ON READER-SERVICE CARD 


CERAMICS-TO-METAL. 8-page booklet describes fa- 
cilities, and products of Ceramics International Corp., 
39 Siding Place, Mahwah, N. 

FOR THIS LITERATURE CIRCLE 350 ON READE™-SER ICD CARD 


SHOCK TESTERS, 24-page Bulletin 4-70 gives operat- 
ing principles, features, applications of HYGE Shock 
Testers.—Consolidated Vacuum Corp., 1775 Mt. Read 
Blvd., Rochester 3, N. Y. 

FOR THIS LITERATURE CIRCLE 351 ON READER-SERVICE CARD 


AIR DATA TESTER- CALIBRATOR is described in Bulle- 
tin 532; special adapters, in Bulletins 550, 555 and 
5G —Intereontinental Dynamics Corp., 170 Coolidge 
Ave., Englewood, N. 

FOR THIS LITERATURE ae 352 ON READER-SERVICE CARD 


INERTIA SWITCH, 2-page Fact Sheet 261 describes 
radial, uni-directional, and V-dot indicator acceleration 
sensitive devices.—Inertia Switch, Inc., 311 W. 43 St., 
New York 36, N. Y. 

FOR THIS LITERATURE CIRCLE 353 ON READER-SERVICE CARD 


LASER EFFECT, 5-page booklet describes flashtubes for 
Light Amplification by Stimulated Emission of Radia- 
tion.—General Electric Co., Dept. LP-15, Nela Park, 
Cleveland 12, Ohio. 

FOR THIS LITERATURE CIRCLE 354 ON READER-SERVICE CARD 


FM- MONITOR/CALIBRATOR. 2-page Bulletin 500 de- 
scribes “Monocal 500” FM-monitor deviation calibrator. 
—Advanced Measurement Instruments, Inc., 109 Dover 
St., Somerville 44, Mass. 

FOR THIS LITERATURE CIRCLE 355 ON READER-SERVICE CARD 


MESOLOY WIRE. 4-page bulletin describes Mesoloy 
Wire, improved iron-chromium-aluminum alloy pos- 
sessing high resistivity and low T.C. characteristics.— 
Molecu-Wire- Corp., Eatontown-Freehold Pike, Scobey- 
ville, N. J. 

FOR THIS LITERATURE CIRCLE 356 ON READER-SERVICE CARD 


RMI CONVERTER, 4- era brochure describes TSO-Certi- 

fied STARFLITE MI Converter, incledes suggested 
systems for six dtiteseat single and dual Omni applica- 
—_ —Dept. A-7-31, Aircraft Radio Corp., Boonton, 


FOR THIS LITERATURE CIRCLE 357 ON READER-SERVICE CARD 


DIGITAL GLOGKS and Time Counters are described in 
new series of six 2-page catalog sheets.—Penwood 
———- Co., 7249 Frankstown Ave., Pittsburgh 8, 
a. 
FOR THIS LITERATURE CIRCLE 358 ON READER-SERVICE CARD 


COMPUTERS, 12-page Catalog lists printed material 
available on programming, subroutines, service rou- 
tines, brochures, etc.—Philco Corp., Government & In- 
dustrial Group, Computer Div., 3900 Welsh Rd., Willow 
Grove, Pa. 

FOR THIS LITERATURE CIRCLE 359 ON READER-SERVICE CARD 


HEAT SINKS, 8-page catalog shows heat sinks and dis- 
sipators, with graphs, curves, tests and detail drawings. 
—Vemaline Products Co., Franklin Lakes, N 

FOR THIS LITERATURE CIRCLE 360 ON READER-SERVICE CARD 


ROTARY SOLENOID applications are given in 2-page 
t 6.—Ledex Inc., 123 Webster St., Dayton, Ohio. 
ae THIS LITERATURE CIRCLE 361 ON READER-SERVICE CARD 


PULSE HEIGHT ANALYZER, 8-page brochure describes 
odel 34-13 32-Channel Pulse Height Analyzer for 
Fe Probe or Missile.—Radiation Instrument Devel- 
opment Lab., Inc., 61 E. North Ave., Northlake, III. 
FOR THIS LITERATURE CIRCLE 362 ON READER-SERVICE CARD 


COMPUTER PROGRAMMING. 28-page manual explains 
Philco 2000 Translator-Assembler Compiler automatic 
programming system which produces machine code 
from programmer’s symbolic coding.—Marketing Dept., 
NP, Computer Div., Phileco Corp., Willow Grove, Pa. 
FOR THIS LITERATURE CIRCLE 363 ON READER-SERVICE CARD 


CONTAGTS. 8-page bulletin is basic guide to electrical 
— ——Tricon Mfg. Co., 8010 S. Wallace, Chicago, 


FOR THIS LITERATURE CIRCLE 364 ON READER-SERVICE CARD 








FIN Ts WOR 


Custom Melting, Complete Redrawing, 
Strand and Vacuum Annealing Services 
for fine wire processing to customers’ 
specifications. 


WRITE for valua- 
able brochure 
containing fine 
wire composi- 
tions, pertinent 
properties and 
applications. 


CONSOLIDATED 
REACTIVE METALS, inc. 


i r 
vVidMd A.W YT 
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RELIABILITY Nomograph (7” x 10”) quickly computes 
acceptance number for any given sampling plan. Cus- 
tomer can predict success rate from life test data at a 
90-percent confidence level, or compute a sampling 
plan for his conventional risks.—Warren Schoonmaker, 
Raytheon Co., Semiconductor Div., 215 First Ave., 
Needham, Mass. 
FOR THIS LITERATURE CIRCLE 365 ON READER-SERVICE CARD 


SWITCHES, including rotary, push-pull, miniature, etc., 

are described in 4-page brochure 11-60 Section 5, 

EEM 4700.—Clarostat Kite. Co., Ine., Dover, N. H 
FOR THIS LITERATURE CIRCLE 366 ON READER-SERVICE CARD 


VALVES. 4-page Bulletin F-10539 describes standard 
sizes of air valves from 0.93” to 4.4”, includes pressure 
drop nomograph.—Aircraft and Missile Products Div., 
Barber-Colman Co., Rockford, IIl. 

FOR THIS LITERATURE CIRCLE 367 ON READER-SERVICE CARD 


PRINTED CIRCUIT CLEANER is described in 2-page 
Bulletin 7.—National Ultrasonic Corp., 95 Park Ave., 
Nutley, N. J 
FOR THIS LITERATURE CIRCLE 368 ON READER-SERVICE CARD 


FILTERS, 8-page —_ describes filters for shielded 
room and ground ort equipment applications.— 
Genistron, Inc., 6320 OW. Arizona Circle, Los Angeles 
45, Calif. 

FOR THIS LITERATURE CIRCLE 369 ON READER-SERVICE CARD 


TITANIUM, 4-page Bulletin 100 presents basic design 
information and properties of Sintered Titanium.— 
Mechanical Research Div., Clevite Corp., 540 E. 105 
St., Cleveland 8, Ohio. 

FOR THIS LITERATURE CIRCLE 370 ON READER-SERVICE CARD 


FILTERS, 2-page data sheet describes Series 49S-T and 
59S-L filters for cryogenic fluids, propellants, and high- 
pressure gases.—Filter Engineering Dept., Dynatrol, 
Inc., 95 Liberty St., New York 6, N. Y. 

FOR THIS LITERATURE CIRCLE 371 ON READER-SERVICE CARD 
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To meet increased demand for a wide range 
of subcarrier oscillator configurations Dorsett 
Electronics now offers its extremely reliable solid 
state subcarrier oscillator in three new package 
forms. 

Dorsett's three new configurations provide the 
systems engineers with unmatched mechanical 
flexibility in telemetry system design, without 
sacrificing component reliability and stability. 

These new subcarrier oscillators are only a few 
of the many state of the art telemetry components 
currently in production at Dorsett Electronics. Put 
Dorsett’s experience to work for you on your next 
telemetry requirement. Your inquiries and specifi- 
cations will receive a prompt reply. 


Power Requirements: 
Linearity: 


Distortion: 


Amplitude Modulation: 


Input Impedance: 


Electrical Stability: 


Temperature Stability: 


Acceleration: 
Vibration: 
Shock: 
Altitude: 
Size: 


Connector: 
Controls: 


0 to 5 volts, or 2.5 volts to 
+2.5 volts. 

Adjustable from 0 to .5 volts RMS 
into 8K load impedance. Fixed 
output at least 3 volts RMS into 
100K or higher load impedance. 
28 volts DC at 10 milliamperes. 
Deviation from the best straight 
line less than .25%. 

Less than .75% harmonic distortion. 
Less than Idb across the band 
500K for Channels 1 through 18. 
250K for Channels A through E. 
No more than + .5°% FBW change in 
center frequency or deviation sensi- 
tivity for a supply voltage change 
of +10%. 

Less than 2% FBW change in 
center frequency or band-width for 
a 50°C change within the range 
of — 55°C to -++-100°C. 

1006 Linear 

206, 55 to 100 cps 

1006 for 11 milliseconds 
Unlimited 

0-18 

1.75 in. x 1.36 in. x .76 in. 
0-20 

2.25 in. x 1.88 in. x .88 in 
0-28 

1.27 in. x 1.25 in. x 1.25 in. 
Cannon DE-9P. 

Output, Centering, Deviation 
Sensitivity 


DORSETT ELECTRONICS, INC. 





P.O. BOX 862 @e@ NORMAN,OKLAHOMA e@ JEFFERSON 4-3750 
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AUGUST 22-25—Western Electronics Show 
and Convention (WESCON), Cow Palace, 
San Francisco, Calif. Visit Instruments Pub. 
Co., Inc. Booth No. P-19 


SEPTEMBER 6-8, 1961—Nationa! Symposi 
um on Space Electronics and Telemetry, Uni 
versity of New Mexico, Sponsored by PGSET 
IRE and Univ. of N. Mex., Write G. S 
Bryant, P. O. Box 8366 Station Co., Albu 
querque, N. Mex. 


SEPTEMBER 6-8—International Symposium 
on Transmission & Processing of Information, 
M.1.T., Cambridge, Mass. Sponsored by IRE- 
PGIT. Write R. M. Fano, MIT, Rm 26-241, 
Cambridge 39, Mass. 


SEPTEMBER 20-21—I/ndustrial Electronics 
Symposium, Bradford Hotel, Boston, Mass., 
Sponsored by IRE, PGIE, AIEE and ISA. 
_ a Write H. O. Painter, Jr., Publicity, General 
. Radio Co., West Concord, Mass. 


OCTOBER 2-4—7th National Communica 

tions Symposium, Municipal Auditorium 

Utica, N. Y. Sponsored by IRE-PGCS, Air 

Force. Classified sessions require SECRET 

* clearances forwarded to Rome Aijr Dev. 
Center, ATTN: RCIS Griffiss AFB, N. Y. 

Ae before 9 Sept. For general information, write 
C. J. Civin, Pub. Rel. 
New Hartford, N. Y. 
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CURRENT 


4 Colonia! Drive 


WITH AUTOMATIC TRANSFER , 
TO EITHER MODE 


The Power Designs Inc. Model 4005 Power 
Supply adds a new dimension to the application ia 
of d-c sources for laboratory instrumentation. Truly ES. 
universal, the Model 4005 may be operated as a (4 
constant voltage source, a constant current source, 
a constant voltage source with automatic current i 
limiting or a constant current source with auto- 
matic voltage limiting. 

The Model 4005 employs semiconductor de- 
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vices exclusively in a new proprietary circuit 


SN no 060-006 000.0.060660 0600096666 600000006000008 A 
AMBITROL* is a dual regulator system per- 
mitting continuous control of voltage or current 





with automatic electronic cross-over to either mode 
of operation. 

The supply also features remote voltage pro- 
gramming, dual concentric controls for both coarse 
and fine adjustment of voltage or current and the 
HEATRAN® circuit for electronic control of 
power transistor dissipation. 
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CONSTANT VOLTAGE 


Range: 1-40 vdc, 0-0.5 am 
peres 


Regulation: 05% or 10 
millivolts max. for line 
or load variations 


Ripple: 001% or 500 mi 
crovolts max. 


Response Time: Less than 
50 microseconds 


Source Z: 0.1 ohms to 20 
kc, 0.5 ohms to 1 mc 





CONSTANT CURRENT 


Range: 25 to 500 milliam- 
peres 

Voltage compliance: Out 
put current constant to 
full rated output voltage 
of 40 volts 

Regulation: 05% or 250 
microamperes max., for 
line or load variations 

Ripple Content: 01% or 
25 microamperes max 

Source Z: 100,000 ohms 
approx 


CONSTANT VOLTAGE 


Range: 0-20 vdc, 0-2 am- 
peres. 


Regulation: 05% or 10 
millivolts max. for line 
or load variations. 


Ripple: 001% or 250 mi- 
crovolts max, 


Response Time: Less than 
50 microseconds. 


Source 2: 0.05 ohms to 20 
kc, 0.5 ohms to 1 mc. 


\,/oner Desions ine 
‘oe 


CIRCLE 115 ON READER-SERVICE CARD 


CONSTANT CURRENT 


Range: 25 ma to 2.0 amp. 


Voltage compliance: Out- 
put voltage constant to 
full rated output voit- 
age to 20 volts. 

: .05% or 250 


or load variations. 
Ripple Content: 01% or 
25 microamperes max. 


Source Z: 100,000 ohms 
approx. 
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